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Section1
Objective

The U. S. Environmental Protection Agency (EPA) has determined that materials
originating from the Libby, Montana, vermiculite mine are sources of amphibole
asbestos and should be removed (EPA 2002). Therefore, current investigations at
residential and commercial properties in Libby focus on finding these source
materials. However, because of the complexity of the Stimson Lumber Company
(Stimson) facility relative to most properties under investigation in Libby, less was
known about potential exposures, if any, that may result from disturbances of source
materials. Therefore, the EPA determined that a more comprehensive investigation
was required at Stimson than at other less complex commercial properties in Libby.

To investigate the potential impacts of these source materials, the EPA pursued a two-
part approach. Initially, personal air, stationary air, and microvacuum dust samples
were collected in areas where vermiculite is known or suspected to be present. These
samples were collected to determine potential exposure information in these areas.
The results of this air and dust sampling effort are discussed in this report. All
sampling was conducted in accordance with the Property Specific Sampling and Analysis
Plan, Air and Dust Sampling, Stimson Lumber Company, Libby Asbestos Project, Libby,
Montana, (CDM Federal Programs Corporation [CDM] 2002a).

Secondly, the EPA conducted a study to screen all areas of the facility for potential
amphibole asbestos sources, similar to the contaminant screening study (CSS)
currently in progress at properties in Libby. This report will be updated to reﬂect the
results of the study once analytical data is available.

The primary objective of this effort is to document and delineate potential sources of
amphibole asbestos in a comprehensive, systematic manner.

The results of the two-part study are presented in this document. EPA will use this
information to:

» Determine the need for any immediate actions

mu Determine the need for removal actions

Prioritize any future removal activities across the facility

Determine the extent of contamination

» Delineate areas found not to contain amphibole asbestos contamination

1.1 Background

Historical information regarding the Stimson property in Libby, Montana, sﬁggests
that vermiculite products were used at, or transported to, the property at various
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times and at various locations. Much of this material is still present. Additionally,
vermiculite insulation was installed in structures used for daily plant operations. It is
believed that these products contain varying levels of the amphibole asbestos with -
compositions including tremolite, actinolite, richterite, and winchite (herein referred
to as Libby Amphibole [LA]).

1.1.1 Site Location ‘

Stimson is situated in the eastern section of Libby, Montana, on U. S. Highway 2
South (Figure 1-1). The facility is currently owned by Stimson Lumber Company and
other private parties. The majority of the facility is currently used for manufacturing
plywood board. The facility covers approximately 200 acres and encompasses
processing, office, and other support buildings. In addition, a log yard and woodchip
and mulch yard occupy a significant portion of the property.

- 1.1.2 Site History

The employee parking lot area used by Stimson employees was once used as an
aboveground storage area for vermiculite insulation and is the location of the former
popping plant facility. Vermiculite insulation was stockpiled directly on the native
soil surface and may have contaminated the area with measurable amounts of
asbestos mineral fibers. The area was converted to a parking lot in 1990.

A landscaping nursery was previously located along the southern boundary of the
Stimson property. It is believed that unexfoliated, or raw vermiculite, was introduced
to the site for use as a growth media and fill material. Currently the area remains a
vacant lot with sparse vegetation. The lot is currently used to stockpile wood chips
(collected from 1991 through 1997).

An overview of the facility layout is presente_d in Figures 1-2 and 1-3.

1.1.2.1 Site Visits

An initial site visit was conducted on September 28, 2001, by Dr. Chris Weis (EPA
regional toxicologist), CDM, and Pacific Environmental Services (PES). Stimson
personnel present during this meeting included Mr. Fred Sturgess (Libby complex
manager), Ms. Veronica Bovee (health and safety coordinator), Mr. John Chopot
(environmental manager), and Mr. Barry Brown (local union No. 2581 president). The
site meeting included interviews with current employees and a walk-through of
several areas of the facility.

A coordination meeting was held on September 9, 2002 at the Stimson site. Attendees
included CDM and PES personnel. Stimson personnel present during this meeting
included Ms. Veronica Bovee (Stimson health and safety coordinator), Mr. Fred
Sturgess (Libby complex manager), and the operations managers for each building.
Sampling locations and tasks were discussed, and a list of locations and personnel to
be sampled was developed, as presented in the sampling and analysis plan (SAP). A
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site visit was conducted to familiarize project personnel with the entire facility and
the processes in each building to be sampled.

A progress meeting was held on September 17, 2002, at the Stimson office. Attendees
included Mr. Greg Parana and Ms. Melissa Petrak of PES, and Ms. Veronica Bovee of
Stimson. Topics discussed included:

m Samples collected to date, and plans for remaining sample collection

m Samples reported overloaded by the laboratory and resampling of the affected
locations and tasks

» Buildings in which microvacuum dust samples would not be collected
» Bag house function and its affect on air samples collected in the plywood plant

An informal closeout meeting was scheduled for September 19, 2002, at the Stimson
office. Ms. Veronica Bovee of Stimson was unavailable at the appointed time, so Ms.
Melissa Petrak left a summary of samples collected for her records. Ms. Bovee was
advised to contact the EPA Information Center with any questions or concerns.

1.1.2.2 Buildings Investigated as Part of Air and Dust Sampling

The central maintenance building currently contains vermiculite insulation. This
structure is equipped with a large gantry crane that traverses the length of the
building. As stated earlier, movement of this crane causes vibration within the
structure and may release small amounts of vermiculite insulation from around seams
and joints of the clapboard walls. There is a large main work area with vehicle bays,
along with several smaller shops, a parts warehouse, locker room, break room and,
supervisor’s office. Central maintenance personnel work throughout the building on a
variety of tasks, mostly involving vehicle and equipment maintenance and repair
(Figure 1-3).

The plywood plant is currently used for processing plywood. Vermiculite insulation
is believed to be associated with the big dryer No. 1 in this building. The plywood
plant is one large open area, through which wood travels while being processed from
logs to plywood. There are offices, break rooms, and rest rooms along the edges of the
building. The debarker and log heating facility is outside and adjacent to the main
plant structure (Figure 1-2). Plywood plant personnel generally work at their assigned
task, although there is some rotation for relief purposes.

The finger joint (FJ]) building is currently used for F] operations. There is a main work
area, along with the feeder No. 2 room, and the “wrap and stack” room. There is also -
a connection to Shed 12, which is a board storage area. FJ utility workers rotate tasks .
throughout the plant during the work shift, while a few employees work only on
specific tasks. According to Veronica Bovee, the old lunchroom and bathroom area of
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the building previously contained vermiculite insulation, which was removed in May
of 2000. The room is currently used for parts storage (Figure 1-2).

1.1.3 Environmental Setting

Mean annual precipitation in Libby is 19.4 inches, with 30 percent of it occurring in
the months of November through January, and 18 percent falling in the months of
May and June. The month having the highest average precipitation is January, with

2.42 in. Average ambient temperature in Libby ranges from 22.4°F in January, to 67°F

in July. Average annual precipitation at the W.R. Grace vermiculite mine site is
estimated at 20 inches per year (U. S. Department of Agriculture [USDA] 1977), and
the temperature would be expected to average 3 to 5 degrees cooler than in Libby.
Climatological data was obtained from the Libby 1 N.E. Ranger station.

1.1.4 Contaminant of Concern

The potential contaminant of potential concern investigated at this facility is asbestos.
Asbestos fibers are odorless and tasteless and vary in length, structure, and chemical
composition. Fibers are microscopic and environmentally persistent. They do not
evaporate, burn or dry out from heat, or erode in water. Toxicity of different type
fibers varies, but exposure to any one of them can be fatal. Tremolite, the form found
at Libby, is considered by many to be the most toxic.

The human health risks associated with asbestos fibers released in the environment

include:

m Asbestosis - a scarring of the lungs, which impairs elasticity of the lung
& Lung Cancer - a malignant tumor of the bronchi covering
s Mesothelioma — a cancer of the lining of the chest or of the abdominal wall

® Other diseases - increased incidence of some non-respiratory cancers has been seen
in those exposed to asbestos

Asbestos related diseases have a latency period of 15 to 30 years, and the risks of
asbestos exposure are significantly increased by smoking.

1.1.5 Previous Investxgatlon

At the request of Stimson, MCS Environmental (MCS) performed industrial hyglene
sampling to determine the potential exposure of Stimson employees to residual
asbestos. Air samples taken within the central maintenance building and the plywood
plant revealed concentrations of LA less than the Asbestos Hazard Emergency
Response Act (AHERA) standard of <0.01 fibers/cubic centimeter (f/cc) for phase
contrast microscope (PCM) analysis (40 Code of Federal Regulations [CFR] Part 763,
763.90 (i)(5).)
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In addition, soil and bulk samples were taken from various locations around the
facility including the central maintenance building, the former nursery, and the
employee parking lot. While analysis of soils collected from the employee parking lots
were all non-detect for asbestos, soils collected from the nursery area had
concentrations of tremolite asbestos as high as 5 percent.

On May 2, 2002, two microvacuum dust samples were collected from the nursery
shed. These samples, along with one field blank were analyzed by the International
Standards Organization (ISO) 10312 method. The analysis of sample 1-06850
identified 5853 LA structures with lengths between 0.5 micrometers (um) and 5 um
and 1170 LA structures with lengths between 5 um and 10 pm. Sample 1-06850 was a
composite of three locations in the nursery shed. No LA structures were detected on
sample 1-06857, which was a composite of three locations on the floor of the nursery
shed, or in sample 1-06858, the field blank. Analytical datasheets are included in
Appendix A.

1-8



Section 2
Soil Sampling

Soil sampling at Stimson was designed for the quantification of relative LA
abundance in soils throughout the site following all rationale, data quality objectives,
quality assurance procedures, and standard operating procedures (SOPs) from the
Final Sampling and Analysis Plan (SAP) for the Remedial Investigation (RI) Contaminant
Screening Study (CSS), Libby Asbestos Site, OU4 (CDM 2002b). For purposes of this
investigation a site-specific SAP addendum was developed to the CSS SAP: Final SAP
Addendum for the Stimson Lumber Company Area, Libby Asbestos Site, OU4 (CDM 2002c).
All soil investigation work was conducted in accordance with this SAP addendum.

To adequately characterize LA abundance in soils throughout Stimson, the site was
divided into eight subareas (Figure 2-1): former popping plant, railroad spur, lumber
yard, log storage yard, southwest area, former Champion International tree nursery,
sprinkler field, and Champion International Superfund site. The Champion
International Superfund site was appointed Superfund status due to groundwater
contamination resulting from wood preservative processing and is not associated
with LA contamination. Remediation efforts for the groundwater contamination are
currently ongoing. These divisions were made based on assumed contaminant
concentrations, land use, and environmental setting. During this investigation, no
sampling was conducted within the sprinkler field or the Champion International
Superfund site subareas as a result of ongoing remediation, and therefore, these
subareas will not be discussed.

Surface and subsurface samples were collected from each subarea as follows:

Surface Soil | Subsurface.

Subarea Samples Soil Samples.
Former Popping Plant 16 7
Railroad Spur 14 0
Lumber Yard 25 8
Log Storage Yard 29 4
Southwest Area 14 3
Former Champion 11 8

International Tree Nursery .

Sprinkler Field 0 0
Champion Int'l Superfund Site 0 0
Total 109 28

Once results are available, this document will be updated.
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Section 3
Air Sampling

3.1 Personal Air Sampling

A total of 124 personal breathing zone (BZ) samples from 10 Stimson employees were
collected. Ninety-seven air samples were collected for the duration of the work activity.
The results of these samples were then calculated as time-weighted averages (TWAs) for
the full shift (8, 10, or 12 hours) and compared to the Occupational Safety and Health
Administration (OSHA) permissible exposure limit (PEL) and/or the OSHA extended
work shift PEL for asbestos. Twenty-seven samples were collected for 30 minutes
(approximately) and compared to OSHA'’s 30-minute excursion limit (EL) for asbestos.

3.1.1 Sample Locations

Personal air sampling locations and tasks were selected during the pre—samphng
facility visit on September 9, 2002. All locations and tasks were approved by EPA as
presented in the SAP. These tasks represent normal and general duties typically
performed by Stimson employees. Sampling locations and associated tdsks at each
location are summarized below

» Plywood plant (Figure 1-2)

- Dryer tender 1 - performed oversite on the dryers, troubleshooting, temperature,
and steam tracking

- Dryer feeder 2 - fed boards into dryer, general housekeeping

- Dryer offbearer 3 - sorted and tended boards coming out of dryer

- Plugger 4 - operated plugger machine

- Green chain puller 5 - sorted wood from léthe along green chain
s Central maintenance building (Figure 1-3)

- Mechanics (two employees) — performed repairs and maintenance on facility
vehicles and machinery '

» Finger joint building (Figure 1-2)

- FJ utility - worked at all stations throughout F] plant, including general
housekeeping and forklift operation

s Log yard (Figure 1-3)

- Wagner operator ~ operated Wagner Lumberjack, unloading and moving logs
throughout log yard and to plywood plant area

3-1
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Table 3-1 presents the number and type of samples collected at each task and location
during the sampling activities.

Table 3-1
Task-Based Sample Numbers

No. of Samples Collected
. ‘ Duration of 30-Minute
Location . Task - Full Shift | Excursion
Plywood Plant Dryer tender 11 3
_| Dryer feeder 12 3
Dryer offbearer 11 3
Plugger . 9 3
Green chain puller 13 3
Central Maintenance | Mechanic 1 6 3
Mechanic 2 7 3
Finger joint Finger joint utility 16 3
Log Yard Wagner operator 12 3

3.1.2 Sample Collection A
Personal air samples were collected on Stimson employees for 3 consecutive days,

‘between September 10 and September 16, 2002. All samples were collected in

accordance with the EPA Standard Operating Procedure (SOP) 2015 Asbestos Sampling
(Appendix B). Sample volume requirements were in accordance with OSHA
Construction Standard for Asbestos, 29 CFR 1926.1101. All air sampling pumps were

calibrated from 1.5 to 2.03 liters per minute (lpm) prior to the sampling period and

again at the end of the sampling period. Air samples were collected using 0.8 pm
open-faced 25 millimeter (mm) mixed cellulose ester (MCE) filters, as described in the
SAP. All cassettes were visually inspected approximately every 2 hours during
sampling to ensure cassettes were not overloaded.

Due to a higher level of airborne particulates than anticipated, cassettes were changed
more frequently than every 2 hours in an effort to prevent sample overload.

' Forall samplés collected during this investigation (personal, ambient, and

microvacuum dust), field blanks were submitted at the rate of 10 percent and/or a
minimum of two field blanks per sample batch per day. Field blanks were prepared at

. the time of sampling at the sampling location by removing the cassette cap for 30

seconds and then replacing the cap. A total of 26 field blanks were collected. All field
blank cassettes originated from the field sampling cassette lot. One half of the field
blanks submitted each day were analyzed, the remaining half were archived for later
analysis if necessary. All field blanks analyzed during this investigation returned
results of “ND,” or no detected fibers at or above the detection limit. Field blank results
are included in the Libby database printout presented in Appendix A.

Prior to receipt of new sampling cassettes in the field, a new unused cassette was sent to
the laboratory. Results from these lot blanks determined the background asbestos
structure concentration for the lot of cassettes. Specific cassette lot blanks analyzed
during this project included 25mm three-piece cassettes with 0.8 um MCE Filters for Lot

3-2
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Numbers 21078 and 4583. All lot blanks analyzed during this investigation returned
results of ND, or no detected fibers at or above the detection limit. Lot blank results are
included in the Libby database printout presented in Appendix A.

Each employee selected to wear a pump was given a brief description of the purpose
of personal sampling, as well as an explanation of the sampling procedure. This
explanation included instruction to contact the sampling technician immediately if
there were any problems with the sampling pump (e.g., pump falling off or stopping,
or cassette loss or damage). This information was provided to each employee in
writing and reviewed in person. Each of the selected employees provided their name,
last 4 digits of their social security number (for sample tracking purposes), and job
title on a form, which they signed and dated on the first day of sampling. A copy of
this form is attached in Appendix C.

Employees wore pumps clipped to either the waistline of their pants, their own belt,
or a belt that was provided. Tubing ran up their backs to the cassette, which was -
clipped to the collar or neckline of the employee’s shirt, within the BZ, as described in
the SAP. Clips or tape were sometimes used to secure tubing to the back of the
employee’s shirt, to prevent it from snagging or being caught on equipment.
Employees were advised that the cassette must stay within their BZ for the duration
of sample collection. Employees were questioned at the intervals when cassettes were
visually inspected and at the end of each shift to determine if there were any
problems with the sampling pump or cassette.

3.1.3 Sample Analysis

Air samples were analyzed by EMSL Analytical, Inc. (EMSL) in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed in accordance
with the ISO 10312, Air Quality - Determination of Asbestos Fibers — Direct Transfer
Transmission Electron Microscopy Method, 1995; National Institute for Occupational
Safety and Health (NIOSH) Method 7400, Asbestos and other Fibers by Phase Contrast
Microscopy (PCM); and/or Appendix A of the EPA Asbestos - Containing Materials in
Schools: Final Rule and Notice. If an air sample was determined to be overloaded, it was
not analyzed by indirect preparation. . '

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the sample
coordinator and submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were secured in the sample storage cabinet.
Samples were either hand-delivered to the EMSL onsite laboratory in Libby, Montana,
or shipped via Federal Express to an offsite laboratory.
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3.1.4 Summary of Results

The personal air samples were collected based on task. Each task was sampled for 3

‘consecutive days, for the duration of the work shift. One excursion limit sample was

collected from each employee sampled on each of his or her 3 sampling days. A
summary of TWA sample results, including calculated extended work shift values, is
presented in Table 3-2. Extended work shift permissible exposure limits were
determined using a standard OSHA formula (American Industrial Hygiene Journal
2000). A summary of excursion limit sample results is presented in Table 3-3. A
complete Libby database printout of personal air sample results is attached in
Appendix A.

Personal air samples were collected on two employees in the Central Maintenance
building: Mechanic 1 and Mechanic 2. Both central maintenance employees worked
an 8-hour shift each sampling day. Asbestos structures were detected by TEM
AHERA analysis on one of the six samples (SL-00018) collected on Mechanic 1.
Asbestos structures were detected by TEM AHERA analysis on two of the seven
samples (SL-00012 and SL-00054) collected on Mechanic 2. TWA calculation based on

- the PCM analysis results showed no exposures above the OSHA PEL.

Personal air samples were collected on one employee in the F] building: FJ Utility. FJ
Utility worked a 10-hour shift each sampling day. Asbestos structures were detected
by TEM AHERA analysis on one of the 16 samples collected on F] Utility, SL-00051.
One sample, SL-00198, was overloaded for PCM analysis, and therefore TWA
calculation was not possible for that date. TWA calculation based on the PCM
analysis results for the remaining dates showed no exposures above the PEL.

Personal air samples were collected on one employee in the Log yard: Wagner
Operator. The Wagner operator worked an 8-hour shift each sampling day. Asbestos
structures were detected by TEM AHERA analysis on one of the twelve samples
collected on the Wagner Operator, SL.-00055. Two samples, SL- 00166 and SL-00189,
were overloaded for PCM analysis, and therefore TWA calculation was not possible
for that date. TWA calculation based on the PCM analysis results for the remaining
dates showed no exposures above the PEL. Extended work shift (EWS) TWA
calculation based on the PCM analysis results for the remammg dates showed no
exposures above the calculated EWA PEL.

Five employees were sampled in the Plywood Plant: Dryer Feeder, Dryer Tender,
Dryer Offbearer, Green Chain Puller, and Plugger. The Dryer Feeder, Dryer Tender,
and Dryer Offbearer worked 12-hour shifts the first 2 sampling days, and a 6-hour
shift the 3rd day. The Green Chain Puller worked 10-hour shifts each of the 3 -

sampling days, and the Plugger worked 8-hour shifts each of the 3 days.

Asbestos structures were not detected by TEM. AHERA analysis on any of the 11
samples collected on the Dryer Feeder. TWA calculation based on the PCM analysis

34
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STIM.AS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

results showed no exposures above the PEL. EWS TWA calculation based on the PCM
analysis results showed no exposures above the calculated EWS PEL.

Of the 11 samples collected on the Dryer Tender, asbestos structures were detected by
TEM AHERA analysis on one sample, SL-00159. The TWA calculation based on the
PCM analysis results for the remaining dates showed one exposure above the PEL.
The calculated extended work shift TWA for September 14, 2002, was <0.087 f/cc,
which is above the calculated extended work shift PEL of 0.07 f/cc. However, this
overexposure is not conclusive, because the high limit of detecnon does not allow for
a valid comparison between the values.

Asbestos structures were not detected by TEM AHERA analysis on any of the 11
samples collected on the Dryer Offbearer. TWA calculation based on the PCM
analysis results showed no exposures above the PEL. EWS TWA calculation based on
the PCM analysis results showed no exposures above the calculated EWS PEL.

Asbestos structures were not detected by TEM AHERA analysis on any of the 13
samples collected on the Green Chain Puller. TWA calculation based on the PCM
analysis results for the remaining dates showed one exposure potentially above the
PEL. The EWS TWA calculated for September 16; 2002, was <0.054 fibers per cubic
centimeter (f/cc), which is less than the calculated EWS PEL of 0.08 f/cc.

Asbestos fibers were detected by TEM AHERA analysis on one of the nine samples
collected on the Plugger, SL-00078. TWA calculation based on the PCM ana1y51s
results for the remaining dates showed no exposures above the PEL. ISO 10312 results
for all personal samples are presented in Appendix A:

All excursion limit samples collected on Stimson employees showed PCM results -
significantly lower than the OSHA-defined excursion limit of 1.0 f/cc. Asbestos
structures were detected on two excursion limit samples by TEM AHERA analysis:
Samples SL-00026 and SL-00052. SL-00026 was collected on Mechanic 2 in central

_ maintenance on September 11, 2002. SL-00052 was collected on the Wagner operator

on September 12, 2002. Asbestos structures were not detected on the remaining
excursion limit samples by TEM AHERA analysis. A summary of excursion limit
sample results is presented in Table 3-3.

3.2 Ambient Air Sampling

A total of 43 ambient air samples were collected. These samples were collected inside
buildings and outdoors to determine general background asbestos concentration
levels at the Stimson facility. All locations were approved by EPA prior to sampling.

3.2.1 Sample Locations

As presented in the SAP, ambient air sampling was conducted in three facility
buildings on the Stimson property. These buildings included the plywood plant,
central maintenance building, and the F] building (Figures 1-1 and 1-2). Ambient air

3-8



STIM.AS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

sampling was also conducted at two outdoor locations on the Stimson property and
included the employee parking lot (near the former popping plant) (Figure 1-2) and
the log yard (Figure 1-3). Samples were collected during normal daily operations
while facility equipment was operational. Sampling locations are summarized in
Table 3-4.

Table 3-4
Ambient Air Sampling Locations

' ' No. of
Location Sample Location Samples

Central Maintenance (BD-002098) | Center of machine shop

Center of south end of building

East side center of buiiding

North end center of building

Replicate ~ north end center of building

Plywood Plant (BD-002099) Outside de-barker cab

Green chain exterior wall opposite supervisor's office

Plugger alley next to plugger No. §

Dryers next to post at feed end

Spreaders at post near pre-press

Inside de-barker cab

Finger Joint building (BD-002097) | Qutside lunch room in main plant area

Near entrance to feeder No. 2 room

Near former lunch room

Employee Parking Lot Southeast corner

Northwest corner

Center of south side of lot

In railroad tracks, north of roadway

Log Yard Outside log truck scale shed

Outside storage shed

At trailer crane by fire pond

SIS N ) pEPg PG (S 1Y 01 (0] 7] IS PRY G NG IV (PG RS YO0 PG DY S

Near head gate

3.2.2 Sample Collection

All ambient air samples collected between September 11 and September 18, 2002,
were collected according to the EPA Standard, Operating Procedure (SOP) 2015 Asbestos
Sampling (Appendix B). All ambient air sampling pumps were calibrated prior to the
sampling period and again at the end of the sampling period. Air samples were
collected using 0.8 um open-faced 25mm MCE filters. All air sampling cassettes were
inspected during sampling to determine if file overloading was occurring.

All field blanks ahalyzed during this investigation returned resuits of ND, or no fibers
detected at or above the detection limit. Field blank results are included in the Libby
database printout presented in Appendix A.

Specific cassette lot blanks analyzed during this project included MCE filters for lot
numbers 21078 and 4583. All lot blanks analyzed during this investigation returned
results of ND, or no fibers detected at or above the detection limit for the analytical
method. Lot blank results are included in the Libby database printout presented in
Appendix A. As a means of assessing sample variability during ambient air sampling,
three replicate samples from the central maintenance building were collected.

3-10
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STIM.AS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

3.2.3 Sample Analysis

Air samples were analyzed by EMSL Analytical, Inc. in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed by ISO 10312, .
Air Quality - Determination of Asbestos Fibers — Direct Transfer Transmission Electron
Microscopy Method, 1995; NIOSH Method 7400, Asbestos and other Fibers by Phase
Contrast Microscopy (PCM); and/or Appendix A of EPA Asbestos - Containing Materials
in Schools: Final Rule and Notice.

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the sample
coordinator and submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were maintained under chain of custody.
Samples were either hand-delivered to the EMSL onsite laboratory in leby, Montana,
or shipped via Federal Express to an offsite laboratory

3.2.4 Summary of Results

A total of 42 stationary air samples were collected and analyzed in Stimson buildings.
A summary of stationary sample locations and results, including PCM and TEM
AHERA analysis results, is presented in Table 3-5. A complete list of results, mcludmg
those for ISO 10312 analysis, is presented in Appendix A. '

Of the nine samples collected in the Central Maintenance building, fibers were not
detected at levels at or above 0.01 f/cc by PCM analysis. Asbestos structures were
detected on one of the nine samples (SL-00223) by TEM AHERA analy51s, collected at
the center of the north end of the building.

Of the 15 samples collected throughout the Plywood Plant, fibers were detected at
values at greater than 0.01 f/cc by PCM analysis in 7 samples. Three of the samples,
SL-00079, SL-00092, and SL-00107, were located along the green chain exterior wall,
opposite the supervisor’s office. Two samples, SL-00243 and SL-00245, were located at
the spreaders, at a post near the pre-press. The remaining three samples at or above
0.01 f/cc were SL — 00092, SL - 00106, and SL-00215. SL-00092 was located at plugger
alley, next to plugger No. 9; SL-00106 was located at the dryers, at a post near the
feed end; and SL-00215 was located in the debarker cab. Asbestos structures were not
detected in any of the 15 samples by TEM AHERA analysis.

On five of the six samples collected in the FJ building, fibers were not detected at
levels at or above 0.01 f/cc by PCM analysis. The sixth sample, SL-00196, collected
near the entrance to feeder No. 2 room, was overloaded by PCM analysis. Asbestos
structures were detected in two of the six samples by TEM AHERA analysis, SL-00162
and SL-00163. SL-00162 was collected outside the lunch room in the main plant area,
and SL-00163 was collected near the entrance to feeder No. 2 room.
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STIM.AS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

Of the four samples collected in the employee parking lot, fibers were not detected at
levels at or above 0.01 f/cc by PCM analysis. Asbestos structures were not detected in
any of the four samples by TEM AHERA analysis.

Of the seven samples collected in the log yard, fibers were not detected at levels at or
above 0.01 f/cc by PCM analysis. Asbestos structures were not detected on any of the
seven samples by TEM AHERA analysis. :
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Section 4
Microvacuum Dust Sampling

A total of 36 microvacuum dust samples were collected from buildings at Stimson.
Stimson employees identified buildings as containing vermiculite or not containing’
vermiculite. One microvacuum dust sample was collected from each building not-
known to contain vermiculite. Up to five microvacuum dust samples were collected
from each building known to contain vermiculite. All samples were composite
samples consisting of two to three 100 centimeters squared (cm?) sub-samples per
cassette. All locations were approved by EPA prior to sampling.

4.1 Sample Locations

Microvacuum dust samples were collected from several buildings at Stimson. An
overview of the entire property is shown on Figures 1-2 and 1-3.

Buildings that contain identified vermiculite in which five microvacuum dust samples
were collected were: '

m Central Maintenance Facility (BD-002098)

- Machine shop ,

- South end of central maintenance building

- Center of central maintenance building

- Northern end of central maintenance building
- Supervisor’s office and break room 4

» Plywood Plant (BD-002099)

- Break room and office at finish end

- Plugger area
- Spreaders and finish end

- Green chain
- Dryer area

Buildings that do not contain vermiculite in which two microvacuum dust samples
were collected: .

s Finger joint building (BD-002097)

- Former lunchroom (now parts storage)
- Doorways & entrances

®» Truck bam (BD-002110)

- North side
- South end of building

4-1
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

s Stimson office (BD-002269)

- First floor
- Second floor

= Buildings that do not contain vermiculite in which one microvacuum dust sample
was collected:

- Log yard break building (BD-002100)

- Log yard storage building (BD-002101)
- Log yard oil storage shed (BD-002102)
- Log yard pump house (BD-002103)

- Log yard truck scale shed (BD-002104)
- Irrigation building (BD-002105)

- Diesel fire pump house (BD-002106)

- Double wide trailer (BD-002107)

- Electric pump house (BD-002108)

- Guard station at Libby Creek Bridge (BD-002109) -
- Steel storage (BD-002111)

- Fire hall (BD-002112)

- Wagner shed (BD-002260)

- Electric motor shed (BD-002261)

- Astrodome (BD-002262)

- Pipe shed (BD-002263)

- Storage & locomotive shed (BD-002264)
- Power house office (BD-002265)

- Power house (BD-002266)

- Lumber kilns (BD-002267)

- Shed 12 (BD-002268)

4.2 Sample Collection

All microvacuum dust samples collected between September 12 and September 18,
2002, were collected in accordance with the American Society for Testing Materials
(ASTM) Standard D-5755-95, Standard Test Method for Microvacuum Sampling and
Indirect Analysis Dust by Transmission Electron Microscopy for Asbestos Structure
Number Concentrations (Appendix D). Up to three separate 100 cm? areas per
cassette for a total of up to 300 cm? per cassette. Samples were collected in each 100
cm2 area for 2 minutes or until all visible dust had been removed. Sampling was
performed using 0.45 um MCE filters. All sampling pumps were calibrated from 2.03
to 2.05 Ipm prior to the sampling period and again at the end of the sampling period.

All field blanks analyzed during this investigation returned results of ND, or no
structures detected at or above the detection limit for the analytical method. Field
blank results are included in the Libby database printout presented in Appendix A.
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

Specific cassette lot blanks analyzed during this project included filters from Lot
Number 410FKA. :

All lot blanks analyzed during this investigation returned results of N, or no fibers
detected at or above the detection limit for the analytical method. Lot blank results are
included in the Libby database printout presented in Appendix A.

4.3 Sample Analysis

Air samples were analyzed by EMSL Analytical, Inc. in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed in accordance
with the ISO 10312, Air Quality - Determination of Asbestos Fibers — Direct Transfer
Transmission Electron Microscopy Method, 1995.

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the CDM sample
coordinator to be submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were secured in the sample storage cabinet.
Samples were either hand-delivered to the EMSL onsite laboratory in leby, Montana,
or shipped via Federal Express to an offsite laboratory.

4.4 Summary of Results

LA structures were detected in two of the samples collected in the central
maintenance building (BD-002098). Analysis identified 8823.1 LA structures with
lengths between 0.5 um and 5 ym in sample SL-00061, which was a composite of one
locations in each of the Cummins engine room, Cat engine room, and large jack stand
in the main work area. Analytical results indicate 882.31 LA structures with lengths
between 0.5 um and 5 um were detected on SL-00064, which was a composite of three
locations in the supervisor’s office and break room (Table 4-1). Additionally, sample
results for SL-00059 identified 4411.6 LA structures with lengths between 0.5 um and
5 um. Composites for this sample were collected in the machine shop.

LA structures were detected in one of the samples collected in the truck barn (BD-
002110). Results identified 1971.3 LA structures with length between 0.5 pum and 5 um
and 985.7 LA structures with length between 5 pm and 10 um were detected on SL-
00225, which was a composite of three locations on the south side of the truck barn. No
LA structures were detected in the samples collected on the north side of the truck bam
(BD-002110, SL-00224) (Table 4-1).

LA structures were detected on both of the samples collected in the Stimson office
building (BD-002269). Results for sample SL-00241 identified 262.84 LA structures
with lengths between 0.5 um and 5 um, which was a composite of three locations on
the first floor of the Stimson office building. Analysis also identified 131.42 LA
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

structures with lengths between 0.5 um and 5 um in sample SL-00242, which was a
composite of three locations on the second floor of the Stimson office building (BD-
002269).

Analytical results presented 4411.6 LA structures with lengths between 0.5 yum and 5
pm on four samples:

SL-00171, a composite of three locations in the log yard oil storage building (BD-002102)
SL-00174, a composite of three locations on the irrigation building floor (BD-002105)
SL-00175, a composite of three locations in the diesel fire pump house (BD-002106)
SL-00177, a composite of three locations on the electric pump house floor (BD-002108)

Analysis of sample SL-00228 identified 394.26 LA structures with lengths between 0.5
pum and 5 pm, which was a composite of two locations in the Wagner shed (BD-
002260).

Analysis identified 328.55 LA structures with lengths between 0.5 um énd 5 um in
sample SL-00229, which was a composite of three locations in the electric motor shed
(BD-002261). ‘

Analytical results of sample SL-00232 identified 375.5 LA structures with lengths between
0.5 pm and 5 pum and 375.5 LA structures with length between 5 ym and 10 pm, which
was a composite of three locations in the storage and locomotive shed (BD-002264).

LA structures were not detected on samples collected in the following buﬂdiﬁgs:

Plywood plant (BD-002099)

Finger joint building (BD-002097)

Log yard break building (BD-002100)
Log yard storage building (BD-002101)
Log yard pump house (BD-002103)
Log yard truck scale shed (BD-002104) -
Double wide trailer (BD-002107)

Guard station at Libby Creek bridge (BD-002109)
Steel storage (BD-002111)

Fire hall (BD-002112)

Astrodome (BD-002262)

Pipe shed (BD-002263)

Power house office (BD-002265)

Power house (BD-002266)

Lumber kilns (BD-002267)

Shed 12 (BD-002268)
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- Section 5

Quality Assurance

The field quality assurance program was designed in accordance with CDM's RAC VIII
Quality Management Plan, Revision 1 (CDM 2002d). o

5.1 Adherence to the Sampling and Analysis Plan

All sampling was completed in accordance with the Property Specific Sampling and Analysis .
Plan (SAP), Air and Dust Sampling for Stimson Lumber Company, Libby Asbestos Project, Libby,
Montana (CDM 2002a). Deviations from the SAP are addressed in Section 5.2.

5.2 Deviations

All of the personal samples were collected in accordance with the SAP. Deviations were
made while collecting ambient air samples and dust samples, as discussed in Section 5.2.1.

5.2.1 Deviations During Ambient Air Sample Collection

According to the SAP, approximately four ambient samples were to-be collected-at each
specific sampling location. This number was changed to collect samples more
representative of normal working conditions in each location. Additional samples were
collected in the larger buildings. Five ambient samples were collected in the central
maintenance building and the plywood plant, and three samples in the FJ building.

Normal work activities at Stimson generated significant amounts of airborne
particulates. In an effort to collect more representative ambient air samples and prevent
filter overload, less than the standard volume of air (4,000 liters) for 33 ambient air
samples was collected. Also, less than 4,000 liters was collected during sample
recollection. Samples were recollected when the laboratory mdlcated that previous
samples collected in that location were overloaded.

On September 11, 2002, ambient samples were collected in the central maintenance
building. Greater than 4,000 liters of air was collected for these samples, but there was
concern about sample overload since the filters appeared to be more than 30 percent °
loaded by visual inspection. On September 16, 2002, samples were recollected in the
same location. Less than 4,000 liters of air was collected for the resamplmg to prevent
sample overload.

On September 13, 2002, ambient samples were collected in the plywood plant. On that
date, there were high levels of visible airborne dust throughout the plant. Sample
cassettes were changed out at less than 4,000 liters to prevent filter overloading. Plant
employees and Ms. Bovee later explained that the bag house was not functioning .
properly on that date. The bag house collects airborne particulates from the plant. On -
September 13, 2002, the “bags” were overfull, which resulted in higher than normal
levels of airborne dust in the plant. According to Ms. Bovee, the bags were changed out
on September 15, 2002. Samples were recollected near the spreaders on September 18,
2002. Less than 4,000 liters of air was collected to avoid filter overloading.

5-1



Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

The debarker is located outside the plant building but generates a significant amount of
sawdust during normal operation. On September 13, 2002, samples were collected
outside the debarker’s operator cab in the very dusty environment of the debarker. These
cassettes were changed out at less than 4,000 liters. A sample was recollected inside the
debarker cab on September 17, 2002. Less than 4,000 liters of air was collected to avoid
filter overloading. Ambient air sampling cassettes collected in the F] building and log
yard were changed out at less than 4,000 liters to avoid filter overloading.

According to the SAP, replicate ambient air samples were to be collected at a rate of one
per sampling location. In two locations (log vard and parking lot), insufficient electrical
supply made replicate sampling infeasible. In addition, replicate samples collected in
the plywood plant were among those that were overloaded and unreadable. As a result,
three readable replicate samples were analyzed during this project. -

5.2.2 Deviations During Dust Sample Collection

According to the SAP, one dust sample was to be collected in buildings that do not
contain identified vermiculite. In three such buildings, two dust samples were collected.
Due to the large size of these buildings, two samples would better characterize the
interior of the building space.

5.3 Corrective Actions

In an effort to prevent ambient air sample overload and prevent indirect sample
preparation, samples were recollected using reduced total sample volumes and/ or
collected with multiple representative samples.

5.4 Discussion of Quality Control Results

Laboratory analysis of the lot blanks indicated asbestos fiber counts were below the
detection limit of the analytical method. Laboratory analysis of the field blanks
indicated asbestos fiber counts were below the detection limit of the analytical method.
The QC results indicate that the sampling cassettes were not contaminated with
asbestos when received from the supplier and that cassettes were not contaminated
when they were handled in the field.

Laboratory analysis of the replicate ambient air samples indicated that the replicate
sample results were within 10 percent of the adjacent ambient air sample. The results
of the replicate samples indicate that sample variability was within an acceptable range.

5-2
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SOP#: 2015
'DATE: 11/17/94
REV. #: 0.0

ASBESTOS SAMPLING

1.0 SCOPE AND APPLICATION

Asbestos has been used in many commercial products
including building materials such as flooring tiles and
sheet goods, paints and coatings, insulation, and

roofing asphalts. These products and others may be -

found at hazardous waste sites hanging on overhead
pipes, contained in drums, abandoned in piles, or as -
part of a structure. Asbestos tailing piles from mining
operations can also be a source of ambient asbestos
fibers. Asbestos is a known carcinogen and requires
air sampling to assess airborne exposure to human
health. This Standard Operating Procedure (SOP)
provides procedures for asbestos air sampling by
drawing a known volume of air through a mixed
cellulose ester (MCE) filter. The filter is then sent to
a laboratory for analysis. The U.S. Environmental
Protection Agency/Environmental Response Team
(U.S. EPAJERT) uses one of four analytical methods
for determining asbestos in air. These include: U.S.
EPA's Environmental Asbestos Assessment Manual,
Superfund Method for the Determination of Asbestos
in Ambient Air for Transmission Electron Microscopy
(TEM)®; U.S. EPA’s Modified Yamate Method for
TEM®, National Institute for Occupational Safety and
Health (NIOSH) Method 7402 (direct method only)
for TEM; and NIOSH Method 7400 for Phase
Contrast Microscopy (PCM)®. Each method has
specific sampling and analytical requirements (i.e.,
sample volume and flow rate) for determining
asbestos in air.

The U.S. EPAJERT typically follows procedures
outlined in the TEM methods for determining
mineralogical types of asbestos in air and for
distinguishing asbestos from non-asbestos minerals.
The Phase Contrast Microscopy (PCM) method is
used by U.S. EPA/ERT as a screening tool since it is
less costly than TEM. PCM cannot distinguish
asbestos from non-asbestos fibers, therefore the TEM
method may be necessary to confirm analytical
results. For example, if an action level for the
presence of fibers has been set and PCM analysis
indicates that the action level has been exceeded, then

[y

TEM analysis can be used to quantify and identify
asbestos structures through examination of their -
morphology c¢rystal structures (through electron
diffraction), and elemental composition (through

. energy dispersive X-ray analysis). In this instance

samples should be collected for both analyses in side
by side sampling trains (some laborataries are able to
perform PCM and TEM analysis from the same filter).
The Superfund method is designed specifically to
provide results suitable for supporting risk
assessments at Superfund sites, it is applicable to a
wide range of ambient air situations at hazardous
waste sites. U.S. EPA’s Modified Yamate Method for
TEM is also used for ambient air sampling due to high
volume requirements. The PCM and TEM NIOSH
analytical methods require lower sample volumes and
are typically used indoors; however, ERT will
increase the volume requirement for outdoor
application. . :

Qther Regulations pertaining to asbestos have been
promulgated by U.S. EPA and OSHA. U.S. EPA's
National Emission Standards for Hazardous Air
Pollutants (NESHAP) regulates asbestos-containing
waste materials. NESHAP establishes management
practices and standards for the handling of asbestos
and emissions from waste disposal operations (40
CFR Part 61, Subparts A and M). U.S. EPA's 40 CFR
763 (July 1, 1987)® and its addendum 40 CFR 763
(October 30, 1987) provide comprehensive rules for
the asbestos abatement industry. State and local
regulations on these issues vary and may be more
stringent than federal requirements. The OSHA
regulations in 29 CFR 1910.1001 and 29 CFR
1926.58 specify work practices and safety equipment
such as respiratory protection and protective clothing
when handling asbestos. The OSHA standard for an
8-hour, time-weighted average (TWA) is’ 0.2
fibers/cubic centimeters of air. This standard pertains
to fibers with a length-to-width ratio of 3 to I witha
fiber length >5 um®®. An action level of 0.1 fiber/cc
(one-half the OSHA standard) is the level U.S. EPA
has established in which employers must initiate such
activities as air monitoring, employee training, and



medical surveillance®?,

These are standard (i.e., typically applicable)
operating procedures which may be varied or changed’
as required, dependent upon site conditions,
equipment limitations or limitations imposed by the
procedure. In ail instances, the ultimate procedures
employed should be documented and associated with

the final report.

-Mention of trade names or commercial products does
not constitute U.S. .. EPA endorsement or

recommendation for use.
2.0 METHOD ‘SUMMARY

Prior to sampling, the site should be characterized by
identifying on-site as well as off-site sources of-
airborne asbestos. The array of sampling locations
and the schedule for sample collection, is critical to
the success of an investigation. Generally, samplmg
strategies to characterize a single point source are
fairly straightforward, while multiple point sources
and area sources increase the complexity of the
sampling strategy. [t is not within the scope of this
SOP to provide a generic asbestos air sampling plan.
Experience, objectives, and site characteristics will
dictate the sampling strategy.

During a site investigation, sampling stations should
be arranged to distinguish spatial trends in airborne
asbestos concentrations. Sampling schedules should
be fashioned to establish temporal trends. The
sampling strategy typically requires that the
concentration of asbestos at the source (worst case) or
area of concern (downwind), crosswind, as well as
- backgzound (upwind) contributions be quantified. See
Table 1 (Appendix A) for US. EPAJERT
recommended sampling set up for ambient air. Indoor
asbestos sampling requires a different type of strategy
which is identified in Table 2 (Appendix A). It is
important to establish background levels of
contaminants in order to develop a reference point
from which to evaluate the source data. Field blanks
and lot blanks can be utilized to determine other

sSources.

Much information can be derived from each analytical
method previously mentioned. Each analytical
method has specific sampling requirements and
produce results which may or may not be applicable
to a specific sampling effort. The site sampling

objectives shouid be carefuily identified so as to select
the most appropriate analytical method. Additionally,
some preparation (i.e., lot blanks results) prior to site
sampling may be required, these requirements are
specified in the analytical methods.

3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING,
AND STORAGE

3.1  Sample Preservation

No preservation is required for asbestos samples,

3.2  Sample Handling, Container and

Storage Procedures

1. Place a sample label on the cassette
. indicating a unique sampling number. Do

not put sampling cassettes in shirt or coat

. pockets as the filter can pick up fibers. The

“  original cassette box is used to hold the

samples.

2. Wrap the cassette individually in a plastic
sample bag. Each bag should be marked
indicating sample identification number, total
volume, and date.

3. The wrapped sampling cassettes should be
- placed upright in a rigid container so that the
cassette cap is on top and cassette base is on

. bottom. Use enough packing material to
prevent jostling or damage. Do not use’

vermiculite as packing material for samples.
If possible, hand carry to lab.

4, Provide appropriate documentation with
samples (i.e., chain of custody and requested
analytical methodology).

40 INTERFERENCES AND
POTENTIAL PROBLEMS

Flow rates exceeding 16 liters/minute (L/min) which
could result in filter destruction due to (a) failure of its
physical support under force from the increased
pressure drop;. (b) leakage of air around the filter
mount so that the filter is bypassed, or (c) damage to
the asbestos structures due to increased impact
velocities.



4.1 U.S.EPA's Superfund Method

4.1.1 Direct-transfer TEM  Specimen

Preparation Methods

Direct-Transfer TEM specimen preparation methods
have the following significant interferences:

. _ The achievable detection limit is restricted
by the particulate density on the filter, which
in turn is controlled by the sampled air
volume and the total suspended particulate
concentration in the atmosphere being

sampled.

. The precision of the result is dependent on _
the uniformity of the deposit of asbestos
structures on the sample collection filter.

. Air samples must be collected so that they
have particulate and fiber loadings within
narrow ranges. If too high a particulate
loading occurs on the filter, it is not possible
to prepare satisfactory TEM specimens by a
diract-transfer method. If too high a fiber
loading occurs on the filter, even if
satisfactory TEM specimens can be prepared,
accurate fiber counting will not be possible.

4.1.2 Indirect TEM Specimen Preparation
Methods

Indirect TEM specimen preparation methods have the
following interferences:

)

. The size distribution of asbestos structures is
modified. :
. There is increased opportunity for fiber loss

or introduction of extraneous contamination.

. When sample collection filters are ashed, any
- fiber contamination in the filter medium is
concentrated on the TEM specimen grid.

[t can be argued that direct methods yield an under-
estimate of the asbestos swructure concentration
because many of the asbestos fibers present are
concealed by other particulate material with which
they are associated. Conversely, indirect methods can
be considered to yield an over-estimate because some
types of complex asbestos structures disintegrate

during the preparation, resulting in an increase in the
numbers of structures counted.

4.2 U.S. EPA's Modified Yamate
Method for TEM

High concentrations of background dust interfere with
fiber identification.

4.3 NIOSH Method for TEM

Other amphibole particles that have aspect ratios
greater than 3:1 and elemental compositions similar to
the asbestos minerals may interfere in the TEM
analysis. Some non-amphibole minerals may give
electron diffraction patterns similar to amphiboles.
High concentrations of background dust interfere with
fiber identification. :

4.4  NIOSH Method for PCM

PCM cannot distinguish asbestos from non-asbestos
fibers; therefore, all particles meeting the counting
criteria are counted as total asbestos fibers. Fiber less
than 0.25 um in length will not be detected by this
method. High levels of non-fibrous dust particles may
"obscure fibers in the field of view and increase the
detection limit,

50 EQUIPMENT/MATERIALS

5.1 ° Sampling Pump

The constant flow or critical orifice controlled
sampling pump should be capable of a flow-rate and
pumping time sufficient to achieve the desired volume

of air sampled. -

The lower flow personal sampling pumps generally
provide 2 flow rate of 20 cubic centimeters/minute
(ce/min) to 4 L/min. These pumps are usually battery
powered. High flow pumps are utilized when flow
rates between 2 L/min to 20 L/min are required. High
flow pumps are used for short sampling periods so as
to obtain the desired sample volume. "High flow
pumps usually run on AC power and can be plugged
into a nearby outlet. If an outlet is not available then
a generator should be obtained. The generator should
be positioned downwind from the sampling pump.
Additional voitage may be required if more than one
pump is plugged into the same generator. Several



electrical extension cords may be required if sampling
locations are remote.

The recommended volume for the Superfund method
(Phase [) requires approximately 20 hours to collect.
Such pumps typically draw § amps at full power so
that 2 lead/acid batteries should provide sufficient
power to collect a full sample. The use of line
voltage, where available, eliminates the difficulties
associated with transporting stored electrical energy.

A sfand should be used to hoid the filter cassette at the ~

desired height for sampling and the filter cassette shall
be isolated from the vibrations of the pump.

5.2 Filter Cassette

The cassettes are purchased with the required filters in ~
position, or can be assembled in a laminar flow hood
or clean area. When.the filters are in position, a
shrink cellulose band or adhesive tape should be
applied to cassette joints to prevent air leakage.

5.2.1 TEM Cassette Requirements

Commercially available field monitors, comprising
25 mm diameter three-piece cassettes, with
conductive extension cowls shall be used for sample
collection. The cassette must be new and not
previously used. The cassette shall be loaded with an
MCE filter of pore size 0.45 pm, and supplied from a
lot number which has been qualified as low
background for asbestos determination. The cowls
should be constructed of electrically conducting
material to minimize electrostatic effects. The filter
shall be backed by a 5 pum pore size MCE filter

(Figure |, Appendix B).
5.2.2 PCM Cassette Requirements

NIOSH Method 7400, PCM involves using a2 0.8 to
1.2 um mixed cellulose ester membrane, 25 mm
diameter, 50 mm conductive cowl-on cassette (Figure
2, Appendix B). Some labs are able to perform PCM
and TEM analysis on the same filter; however, this
should be discussed with the laboratory prior to
sampling. ’

bl

5.3 - Other Equipment

. Inert ubing with glass cycione and hose barb
Whiribags (plastic bags) for cassettes

. Tools - small screw drivers

. Container - to keep samples upright

. Generator or electrical outlet (may not be
required)

. Extension cords (may not be required)

. Multiple plug outlet

. Sample labels

. Air data sheets

Chain of Custody records

N

6.0 REAGENTS

Reagents are not required for the preservation of
asbestos samples. :

7.0 PROCEDURES
7.1 Air Volumes and Flow Rates

Sampling volumes are determined on the basis of how
many fibers need to be collected for reliable
measurements. Therefore, one must estimate how

-many airborne fibers may be in the sampling location.

Since the concentration of airborne aerosol
contaminants will have some effect on the sample, the
following is a suggested criteria to assist in selecting
a flow rate based on real-time aerosol monitor (RAM)
readings in milligrams/cubic meter (mg/m?).

Concentration  Flow Rate
« Low RAM readings: <6.0 mg/m*® 11-15. L/min
» Medium RAM readings:>6.0 mg/m, 7.5 L/min
+ High RAM readings: >10, mg/m’ 2.5 L/min

In practice, pumnps that are available for environmental
sampling at remote locations operate under a

" maximum load of approximately 12 L/min.

7.1.1 U.S. EPA's Superfund Method

The Superfund Method incorporates an indirect
preparation procedure to provide flexibility in the
amount of deposit that be can be tolerated on the
sample filter and to allow for the selective
concentration of asbestos prior to analysis. To
minimize contuibutions to background contamination
from asbestos present in the plastic matrices of
membrane filters while allowing for sufficient
quantities of asbestos to be collected, this method also
requires the collection of a larger volume of air per
unit area of filter than has traditionally been collected



for asbestos analysis. Due to the need to collect large
volumes of air, higher sampling flow rates are
recommended in this method than have generally been
employed for asbestos sampling in the past. As an
alternative, samples may be collected over longer time
intervals. However, this restricts the flexibility
required to allow samples to be collected while
uniform meteorological conditions prevail.

The sampling rate and the period of sampling should
be selected to yield as high a sampled volume as
possible, which will minimize the influence of filter
contamination. Wherever possible, a volume of 15
cubic meters (15,000 L) shail be sampled for those
samples intended for analysis only by the indirect .
TEM preparation method (Phase 1 samples). For
those samples to be prepared by both the indirect and -
the direct specimen preparation methods (Phase 2
samples), the volumes must be adjusted so as to
provide a suitably-loaded filter for the direct TEM
preparation method. One option is to collect filters at
several loadings to bracket the estimated optimum
loading for a particular site. Such filters can be
screened in the laboratory so that only those filters
closest to optimal loading are analyzed. It has been
found that the volume cannot normally exceed 5 cubic
meters (5000 L) in an urban or agricultural area, and
10 cubic meters (10,000 L) in a rural area for samples
collected on a 25 mm fiiter and prepared by a direct-
transfer technique.

An upper limit to the range of acceptable flow rates
for this method is 15 L/min. At many locations, wind
patterns exhibit strong diurnal variations. Therefore,
intermittent sampling (sampling over a fixed time
interval repeated over several days) may be necessary
to accumulate 20 hours of sampling time over constant
wind conditions. Other sampling objectives aiso may
necessitate intermittent sampling. The objective is to
design a sampling schedule so that samples are
collected under uniform conditions throughout the
sampling interval. This method provides for such
options. Air volumes collected on Phase [ samples
are maximized (<16 L/min). Air volumes collected
on Phase 2 samples are limited to provide optimum
loading for fiiters to be prepared by a direct-transfer
procedure.

7.1.2 US. EPA's Modified Yamate
Method for TEM

U.S. EPA’s TEM method requires a minimum volume

of 560 L and a maximum volume of 3,800 L in order
to obtain an analytical sensitivity of 0.005
structures/cc. The optimal volume for TEM is 1200
L to 1800 L. These volumes are determined using a
200 mesh EM grid opening with a 25:mm filter
cassette. Changes in volume would be necessary if a
37-mm filter cassette is used since the affective area

© of a 25 mm (385 sq mm) and 37 mm (855 sq m)

differ. .
7.1.3 NIOSH Method for TEM and PCM

The minimum recommended volume for TEM and
PCM is 400 L at 0.1 fiber/cc. Sampling time is
adjusted to obtain optimum fiber loading on the filter.
A sampling rate of [ to 4 L/min for eight hours (700
to 2800 L) is appropriate in non-dusty atmospheres
containing 0.1 fiber/cc. Dusty atmospheres i.e., areas
with high levels of asbestos, require smaller sample
volumes (<400 L) to obtain countable samples.

In such cases, take short, consecutive samples and
average the results over the total collection time. For
documenting episodic exposures, use high flow rates
(7 to 16 -L/min) over shorter sampling times. In
relatively clean atmospheres where. targeted fiber’
concentrations are much less than 0.1 fiber/cc, use
larger sample volumes (3,000 to 10,000 L) to achieve
quantifiable loadings. Take care, however, not to
aoverload the filter with background dust. If > 50% of
the filter surface is covered with particles, the filter
may be too overioaded to count and will bias the
measured fiber concentration. Do not exceed 0.5 mg
total dust loading on the filter.

7.2 Calibration Procedures

In order to determine if 2 sampling pump is measuring
the flow rate or volume of air correctly, it is necessary
to calibrate the instrument. Sampling pumps should
be calibrated immediately before and after each use.
Preliminary calibration should be conducted using a
primary calibrator such as a soap bubble type
calibrator, {e.g., a Buck Calibrator, Gilibrator, or
equivalent primary calibrator) with a representative
filter cassette installed between the pump and the
calibrator. The representative sampling cassette can
be reused for calibrating other pumps that will be used
for asbestos sampling. The same cassette lot used for
sampling should also be used for the calibration. A
sticker should be affixed to the outside of the
extension cowl marked "Calibration Cassette.”



A rotameter can be used provided it has been recently
Three
separate constant flow calibration readings should be
obtained both before sampling and after sampling.
Should the flow rate change by more than 5% during
the sampling period, the average of the pre- and post-
- calibration rates will be used to calculate the total |

precalibrated with a primary calibrator.

sample volume.

The sampiing pump used shalil

provide a non-fluctuating air-flow through the filter,
and shall maintain the initial volume flow-rate to0
within = 10% throughout the sampling period. The
mean value of these flow-rate measurements shall be
used to calculate the total air volume sampled. A
constant flow or critical orifice controlled pump meets
these requirements. If at any time the measurement
indicates that the flow-rate has decreased by more .

than 30%, the sampling shall be terminated. Flexible -
tubing is used to connect the filter cassette to the-

sampling pump.Sampling pumps can be calibrated
prior to coming on-site so that time is saved when

performing on-site calibration.

7.2.1 Calibrating a Personal Sampling

Pump with an Electronic Calibrator

See Manufacturer's manual for operational
instructions.

Set up the calibration.train as shown in
(Figure 3, Appendix B) using a sampling
pump, electronic calibrator, and a’
representative filter cassette. The same lot
sampling cassette used for sampling should
also be used for calibrating.

To set up the calibration train, attach one end
of the PVC tubing (approx. 2 foot) to the
cassette base; attach the other end of the
tubing to the inlet plug ou the pump.
Another piece of tubing is attached from the
cassette cap to the electronic calibrator.

- Turn the electronic calibrator and sampling
pump on. Create a bubble at the bottom of

-the flow chamber by pressing the bubbie
initiate button. The bubble should rise to the
top of the flow chamber. After the bubble
runs its course, the flow rate is shown on the
LED display.

Turn the flow adjust screw or knob on the
pump until the desired flow rate is attained.

>
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Perform the calibration three times until the
desired flow rate of + 5% is attained.

Calibrating a Rotameter with an

- Electronic Calibrator

See manufacturer's manual for operational
instructions.

Set up the calibration train as shown in
(Figure 4, Appendix B) using a sampling
pump, rotameter, and electronic calibrator.

* Assemble the base of the flow meter with the

screw provided and tighten.in place. The
flow- meter should be mounted within 6°
vertical.

Turn the electronic calibrator and sampling
pump on.

Create a bubble at the bottom of the flow
chamber by pressing the bubbie initiate

" button. The bubble should rise to the top of
- the flow chamber. After the bubble runs its

course, the flow rate is shown on the LED
display.

Turn the flow adjust screw or knob on the
pump until the desired flow rate is attained.

. Record the electronic calibrator flow rate

reading and the corresponding rotameter
reading.  Indicate these values on the
rotameter (stcker). The rotameter should be
able to work within the desired flow range.
Readings can also be calibrated for 10 cm’
increments for Low Flow rotameters, 500
cm’ increments for medium flow rotameters

and 1 liter increments for high flow

rotameters.

Perform the calibration three times until the
desired flow rate of = 5% is attained. Once
on site, a secondary calibrator, i.¢., rotameter
may be used to calibrate sampling pumps.

Calibrating a Personal Sampling
Pump with a Rotameter

See manufacturer's manual for Rotameter's
Operational [nstructions.



7.3.

Set up the calibration train as shown in
(Figure 5, Appendix B) using a rotameter,
sampling pump, and a representative
sampling cassette.

To set up the calibration train, attach one end
of the PVC tubing (approx. 2 ft) to the
cassette base; attach the other end of the
tubing to the inlet plug on the pump.
Another piece of tubing is attached from the
cassette cap to the rotameter.

Assemble the base of the flow meter with the
screw provided and tighten in place. The

flow meter should be mounted within 6° -

vertical.
Tum the sampling pump on.

Tum the flow adjust screw (or knob) on-the
personal sampling pump until the float ball
on the rotameter is lined up with the
precalibrated flow rate value. A sticker on
the rotameter should indicate this value.

A verification of calibration is generally

performed on-site in the clean zone
immediately prior to the sampling.

Meteorology

It is recommended that a meteorological station be
established. If possible, sample after two ta three
days of dry weather and when the wind conditions are
at 10 mph or greater. Record wind speed, wind
direction, temperature, and pressure in a field logbook.
Wind 'direction is particularly important when
monitoring for asbestos downwind from a fixed

source.
7.4
7.4.1

1.

Ambient Sampling Procedures

Pre-site Sampling Preparation
Determine the extent of the sampling effort,
the sampling methods to be employed, and
the types and amounts of equipment and
supplies needed.

Obtain necessary sampling equipment and
ensure it is in working order and fully

charged (if necessary).
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Perform a general site survey prior to site
entry in accordance with the gite specific
Health and Safety plan.

Once on-site the calibration is performed in
the clean zone. The calibration procedures
are listed in Section 7.2.

After ‘c‘alibrating the sampling pump,
mobilize to the sampling location.

Site Sampling

To set up the sampling train, attach the air
intake hose to the cassette base. Remove the
cassette cap (Figure 6 and 7, Appendix B).
The cassette should be positioned downward,
perpendicular to the wind

If AC or DC electricity is required then tum
it on. If used, the generator should be placed
10 ft. downwind from the sampling pump.

Record the following in a field logbook:
date, time, location, sample identification
number, pump number, flow rate, and
cumulative time.

Tum the pump on. Should intermittent
sampling be required, sampling filters must
be covered between active periods of
sampling. To cover the sample filter: tum
the cassette to face upward, place the

. cassette cap on the cassette, remove the inlet

plug from the cassette cap, attach a rotameter
to the inlet opening of the cassette cap to
measure the flow rate, turn off the sampling
pump, place the inlet plug into the inlet
opening on the cassette cap. To resume
sampling: remove the inlet plug, turn on the
sampling pump, attach a rotameter to
measure the flow rate, remove the cassette
cap, replace the inlet plug in the cassette cap’
and invert the cassette, face downward and
perpendicular to the wind.

Check the pump at sampling midpoint if
sampling is longer than 4 hours. The
generators may need to be regased depending
on tank size. If a filter darkens in appearance
orif loose dust is seen in the filter, a second
sample should be started. '



6. At the end of the sampling period, orient the
cassette up, turn the pump off.

7. Check the flow rate as shown in Section
7.2.3. When sampling open-faced, the
sampling cap should be replaced before post
calibrating. Use the same cassette used for
sampling for post calibration (increase
dust/fiber loading may have altered the flow

rate.
8. Record the post flow rate.
9. Record the cumulative time or run.
10. Remove the ‘tubing from the sampling ~

cassette. Still holding the cassette upright,
replace the inlet plug on the cassette cap and”
the outlet plug on the cassette base,

7.4.3. Post Site Sampling

1. Follow handling procedures in Section 3.2,
steps 4.
2. Obuain an electronic or hard copy of

meteorological data which occurred during
the sampling event. Record weather: wind
speed, ambient temperature, wind direction,
and precipitation. Obtaining weather data
several days prior to the sampling event can
also be useful. :

7.5 Indoor Sampling Procedures

PCM analysis is used for indoor air samples. When
analy‘sis shows total fiber count above the OSHA
action level 0.1 f/cc then TEM (U.S. EPA's Modified
Yamate Method) is used to identify asbestos from
non-asbestos fibers.

Sampling pumps should be placed four to five feet
above ground level away from obstructions that may
influence air flow. The pump can be placed on a table
or counter, Refer to Table 2 (Appendix A) for a
summary of indoor sampling locations and rationale
for selection.

Indoor sampling utilizes high flow rates to increased
sample volumes (2000 L for PCM and 2800 to 4200 L
for TEM) in order to obtain lower detection limits
below the standard, (i.e., 0.01 f/cc or lower [PCM]

and 0.0035 structures/cc or lower [TEM]).
7.5.1 Aggressive Sampling Procedures

Sampling equipment at fixed locations may fail to
detect the presence of ashestos fibers. Due to limited
air movement, many fibers may settle out of the air
onto the.floor and other surfaces and may not be
captured on the filter. In the past, an 8-hour sampling
period was recommended to cover various air
circulation conditions. A quicker and more effective
way to capture asbestos fibers ig to circulate the air
artificially so that the fibers remain airborne during

sampling. The results from this sampling option -

typifies worst case condition. This is referred to as
aggressive air sampling for asbestos. Refer to Table 2
for sample station locations.

l. Before starting the sampling pumps, direct
forced air (such as a l-horsepower leaf
blower or large fan) against walls, ceilings,
floors, ledges, and other surfaces in the room
to initially dislodge fibers from surfaces.
This should take at least 5 minutes per 1000

 sq. ft. of floor.

Place a 20-inch fan in the center of the room.
(Use one fan per {0,000 cubic feet of room
space.) Place the fan on slow speed and
point it toward the ceiling.

=~

Follow procedures in Section 7.4.1 and 7.4.2
(Turn off the pump and then the fan(s) when
sampling is complete.).

L

4, Follow handling procedures in Section 3.2,
steps 1 4.

80 CALCULATIONS

The sample volume is calculated from the average
flow rate of the pump multiplied by  the number of
minutes the pump was running (volume = flow rate X
time in minutes). The sample volume should be
submitted to the laboratory and identified on the chain
of custody for each sample (zero for lot, field and trip

blanks).

The concentration result is calculated using the
sample volume and the numbers of asbestos structures
reported after the application of the cluster and matrix
counting criteria,



9.0 QUALITY ASSURANCE/
QUALITY CONTROL

Follow ail QA/QC requirements from the laboratories
as well as the analytical methods.

9.1 TEM Requirements

1. Examine lot blanks to determine the
background asbestos structure concentration.

2, Examine field blanks to determine whether
there is contamination by extraneous

asbestos  structures  during  specimen

preparation.

3. Examine of laboratory blanks to determine if
" contamination is being introduced during
critical phases of the laboratory program.

4, To determine if the laboratory can
satisfactorily analyze samples of known
asbestos structure concentrations, reference
filters shall be examined. Reference filters
should be maintained as part of the
laboratory's Quality Assurance program.

5. To minimize subjective effects, some
specimens should be recounted by a different
microscopist.

6. Asbestos laboratories shall be accredited by

the National Voluntary Laboratory
Accreditation Program.

7. * Atthis time, performance evaluation samples
for asbestos in air are not available for
Removal Program Activities.

9.2 PCM Requirements

1. Examine reference slides of known
concentration to determine the analyst's
ability to satisfactorily count fibers.
Reference slides should be maintained as
part of the laboratory's quality assurance
program.

2. Examine field blanks to determine if there is
contamination by extraneous structures

during sample handling.

3. Some samples should be relabeled then
submitted for counting by the same analyst to
determine possible bias by the analyst.

4, Participation in a proficiency testing program
such as the AIHA-NIOSH proficiency
analytical testing (PAT) program.

10.0° DATA VALIDATION

Results of quality control samples will be evaluated
for contamination. This information will be utilized
to qualify the environmental sample results
accordingly with the project’s data quality objectives.

11.0 HEALTH AND SAFETY

When working with potentially hazardous materials,
follow U.S. EPA, OSHA, and corporate health and
safety procedures. More specifically, when entering
an unknown situation involving asbestos, a powered
air purifying respirator (PAPR) (full face-piece) is
necessary in conjunction with HEPA filter cartridges.
See applicable regulations for action level, PEL, TLV,
etc. If previous sampling indicates asbestos
concentrations are below personal health and safety
levels, then Level D personal protettion is adequate,
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1990, and Part 2: Technical Background

. Document, EPA/540/2-90/005b, May 1990.

@ Methodology for the Measurement of
Airbome Asbestos by Electron Microscopy,
EPA's Report No. 68-02-3266, 1984, G.
Yamate, S.C. Agarwal, and R. D. Gibbons.

@ National Institute for Occupational Safety
and Health. NIOSH Manual of Analytical
Method. Third Edition. 1987.

® U.S. Environmental Protection Agency.
Code of Federal Regulations 40 CFR 763.
July 1, 1987. Code of Federal Regulations
40 CFR 763 Addendum. October 30, 1987.



it U.S. Environmental Protection Agency.

Asbestos-Containing Materials in Schoals;.

Final Rule and Notice. 52 FR 41826.

®

Qccupational Safety and  Health
Administration. Code of Federal Regulations
29 CFR 1910.1001. Washington, D.C.

1987.



APPENDIX A

Tables

TABLE 1.

SAMPLE STATIONS FOR OUTDOOR SAMPLING

Sample Station

Sample Numbers -

Rationale

Location

Upwind/Background®

Collect a minimum of two simultaneous
upwind/background samples 30° apart
from the prevailing windlines. .-

Establishes background fiber levels.

Downwind

Deploy a2 minimum of 3 sampling stations
in a 180 degree arc downwind from the

source.

Indicates if asbestos is leaving the
site.

Site Representative
and/or Worst Case

Obtain one site representative sample
which shows average condition on-site or
obtain worst case sample (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.

® More than one background station may be required if the asbestos originates from different sources.

t

It




APPENDIX A (Cont’d)

Tables

TABLE2

SAMPLE STATIONS FOR INDOOR SAMPLING

Sampie Station
Location

Sample Numbers

Rationale

Indoor Sampling

If a work site is a single room, disperse 3
samplers throughout the room.

[f the work site contains up to 5 rooms, place
at least one sampler in each room.

If the work site contains mare than 5 rooms,.
select a representative sample of the rooms.

Establishes representative samples
from a homogeneous area.

Upwind/Background

If outside sources are suspected,

deploy a minimum of two simultaneous
upwind/background samples 30° apart from
the prevailing windlines.

Establish whether indoor asbestos
concentrations are coming from an
outside source.

s

Worst Case

Obtain one worst case sample, i.e.,
aggressive sampling (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.
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APPENDIX B

Figures

'FIGURE {. Transmission Electron Microscopy Filter Cassette
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APPENDIX B (Cont’d)

Figures

FIGURE 2. Phase Contrast Microscopy Filter Cassette
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APPENDIX B (Cont’d)_

Figures

FIGURE 3. Calibrating a Personal Sampling Pump with a Bubble Meter
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APPENDIX B (Cont’d)

Figures

FIGURE 4. Calibrating a Rotameter with a Bubblie Meter
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APPENDIX B (Cont’d)

Figures

FIGURE 5. Calibrating a Sampling Pump with a Rotameter

FILTER CASSETTE

ZE| ROTAMETER = _ .

== ' Personal Sampling Pump
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APPENDIX B (Cont’d)

Figures

FIGURE 6. Personal Sampling Train for Asbestos
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APPENDIX B (Cont’d)

Figures

FIGURE 7. High Flow Sampling Train for Asbestos
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Appendix C

Employee Orientation Form
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassetie without
the assistance of the technician. The technician will pause the pump prior -
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:
- Cassette falls off or is damaged
- Pump falls off, stops running, or is damaged
- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

- Please sign to acknowtedge review of these items.

Signature _ %"U 730

" Printed Mame g/gS’Sf /. /I/Xﬁ/\/

Last four digits of SSN (for sample tracking purposes) ___~ 3 27
Task ZZ%//(,{ £ . ‘e
Date T/ 02




11-235062  SAT 19:32 FAX $7033518238 PES HERNDON

\\730

Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump-prior
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

Please sign to 'acknowtedge review of these items.

Signature @/-on% A M

Printed Name Z/ e A il

Last four digits of SSN (for sample tracking purposes) __ 2 2¢/ 2.

Task_Phessian O peretn

Date 7- /3 ~0o~

SO EG
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without

the assistance of the technician. The technician will pause the pump pnor -

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged .

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes ~ it ensures that we collect-valid air samples.

Please sign to acknowledge review of these items.

Signature W &fw

Printed Name C\%\f&i;gk@_ SSQgg ig@

Last four digits of SSN (for sample tracking burposes) S1? -K%-64gy

Task _Aeen cdain Dullen

Date _7-\3-02

ooy
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. it should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the purip prior
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump fails off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples. -

Please sign to acknowledge review of these items.

Signaturw W

P74
Printed Name UT%M@)‘ CUMM /,zl//.yf

Last four digits of SSN (for sample tracking purposes) __ 72 S &
Task D/?j vef (FFBeckeg

Date 9)izlo2
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prier

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:
- - Cassette falls off or is damaged
- Pump falls off, stops running, or is damaged
- Hose is cut or damaged

This will enable the technician to adjust, restar, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advjse the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples. |

‘ .

. - . .
~ Please sign to acknowledge review of these items.

S AT,

Signature |

' ]
Printed Name___{D 0w Ti Mesed

Last four digits of SSN (for sample tracking purposes) 275 5/
Task ,\\Mivew .fswés:h

: .
Date Q_3. 02
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the puinp prior
to and during breaks and lunch.

2) Please advise the technician as soon as possibie if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassestte falls off or is damaged

- Pump falls off, steps running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

' 3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

Please sign to écknow!edge review of these items.

Signature (z ;‘ m 1122;/

Printed Name //({hﬂ/“

Last four digits of SSN (for sample tracking purposes) o2 O
Task af\/e o 4}(7¢¢c:l¢ L

Date j%% /;{] X2
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Personal Air Sampling

There are a few important points to remember when wearing a personal

sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, or in 2
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or repiace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign to écknowledge review of these items.

Signature 9’@/’«4/ L{ %W

~ Printed Name Oq/‘//\\"/ /é 60/\/€/U

Last four digits of SSN (for sample tracking purposes) 3 é % O
Task Wa 9 pter 0/7%@710/’\
Date 7 e /07/“*/ 0~0 L
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Personal Air Samp‘lihg

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your iapel, orin a
~_comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassstte. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adest, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

Please sign to acknowledge review of these items.

@Mw&%@mn

Printed Name 5]5\) &@i \2 @&(\JSO!\) 3

Last four digits of SSN (for sample tracking purposes) 05245

Task NQ}Z,%M\C/
Date %Em \O\j@’e\v
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I‘ Personal Air Sampling

' There are a few important points to remember when wearing a personal

l sampling pump:

- 1) The cassette needs to be located in your breathing zone (near mouth &

' nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without

' the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

irregularities with the pump or cassette. Examples include:
- Cassette falls off or is damaged : ‘
- Pump falls off, stops running, or is damaged

l 2) Please advise the technician as soon as possible if there are ANY
. - Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

' 3) Please advise the technician of any non-routine occurrences during the

Please sign to .acknowledge review of these items.

Signature GZ % —
Printed Name_ (/s A Lrveisow

Last four digits of SSN (for sample tracking purposes) 355 ¥

Task __ MeCHRMDIC

|
i
l Date 44/* /O 4 2 —
i
|
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Personal Air Sampling

There are a few important points to remember when wearing a personai
sampling pump:

1) The cassette needs to be iocated in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapei, orin a
~ comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump pricr

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or repiace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign to éckn’bwledge review of these items.

Signature @/ﬂ‘"‘* ‘B”"“’\

Printed Name [dc«ro:—\ Browe

Last four digits of SSN (for sample tracking purposes) &</ ¢!

Task £ /T ad [ty

Date D (O -
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qgn’ Designation: D 5755 - 95

Standard Test Method for

AMEIMCAN SCCETY FOR TESTING ANG MATERLALY
. 1918 Aace L Phlageiona, Ay 13103
mmmmwumﬂm Caowngit ASTI4
it g flstat n-'lu et COmbinet index, wel 2pgaar inihe nest aglion,

Microvacuum Sampling and Indirect Analys:s of Dust by
Transmission Electron Microscopy for Asbestos Structura

Number Concentrations’

This stondard is issued undar the (ixed deognation D $755; the namber immediately. follawing tha devignadon indleares the venr of
ongnd:dopnmot. ia lh:mccfmann.dnymroihﬂmn.l\ numéxr in gutnmczsmdinlnwcynrofhnrupm,\

te}i

iy LA

1. Scope

1.l This test methad cavers 2 procedurs-ta {a) zdcnnf)'
asbestos in dust and (b) provide an estimate of the concen-
tration af asbestas in the sampled dust reported as the

number of ashestos structures per unit arez of m:nplcd
wurfacs,

{.1.1 if an estimate of the asbestos mass is to be deter- -

mined, the user is refarred to Test Method D 5756,
{.2 This test method describes the equipment and proce-

dures necessary for ampling, by a micravacuum techaique,

non-airbarne dust for levels of asbestos structures. The

nop-airbormne sample is collected inside a2 standard fiter
membrane cassette ffom the sampiing of a surfacs area for

dust which may contain asbestos.
1.2.1 This pracedure uses 4 microvacuuming mphng

technique, The collecdon efficiency of this ted:_mqpc is

unimgwn ‘and will vary among subétm:u. Properties influ-
encing collecton efficency inciude surface texture, adhesive-
ness, electrostatic properties and other {actors,

1.3 Asbestos identified by transmission clectron micros-
capy (TEM) is based on morpholégy. selected arsz electron
diffraction (SAED}, and energy dispersive. X-my _analysis
(EDXA). Some mformauon about’ structurs szzc is also
determined.

.4 This test method is gencmlly applicable for an esti-,
mate aof the conc=niration of asbestos structures starting fram

. approximately J000 ashesios structures per square c:xm- ]

menz.
1.4,1 The pracedure outlined in this test method emplaia

an ipdirect sampie prrgaranon technique. It is intended lo
disperse aggregated asbestos into fondamental fibrils, fiber
bundles, custers, or matrices that can be more accurately
quantified by ransmission clectron microscapy. However, a5
with all indirect sample preparazion lechniques, the asbestos
observed for quantification may not represent.the physical
form of the astestcs as sampled. More specfically, the
procedure described neither creates nor destroys asbestos,
but it may alter the physim] farm of the minera) fibers.

1.5 The values stated in SI units are to be cegarded as the
standard. The values given in parzatheses are for informa-

tion only,
1.8 Thir standard does not purport (o address all of the

safety concerns, [f any, assoctated with its use. ft i3 the

' This st mewad it uader tac junsdiction of ASTM Committes D-12 on
Sampuing and Asaivms of Almospherst 3ad is the direst respoasibility of
Sub ittee 02207 on Sampling and Analysis & Asbesion,

Currau edision agproved Auguat 15, 1993, Pubiished Ogaber 1993,

aa cditorial change since the last revizion or reagproval,

respansibility af the wser of this :aazza’ard ta ‘establish appro-
priate safety and health practices and determine the appfica-
biliry of regulatory limitations prior t0 use, - )

2. Referenced Documcnts

L} ASTM Standards:

D 1193 Spectfication for Resgent Water?

D 1739 Test Mcthod faor the Collection and Measurement
of Dustfail (Settleable Particulata Matte)®

D 3193 Practice for Ratameter Calibration®

D 3670 Guide for Determinarion of Precision and Bias of
Methods of Cammittes D-223

D 5756 Test Method for Migovacuum Sampling and
Indirect ‘Analysis of Dust by Transmisdon Electron
Microscopy for Astestos Mass Concentration®

3. Terminology

3.1 Definitions: :
1Ll asbaufann—-aspeualtypcofﬁbmushabmnvﬁuch
the fibers are sparable into thinoer fibers and ultimately

imao fibrils. This habit accounts for greater fexibility and

" higher tensile strength than other habits of the same mineral.

Far more information on asbestiform mm:raloy, se= Refs
(M4 (Dad B -

312 arbmo:——acaﬂncnvctcxm Lha.tdambuagmupof'
naturally occurring, inarganic, highly Sbrous, sificate domi-
nated minerals, which are easily separated into Icng. thin,
Hexible fibers when crushed or procassed.

Dscussion—{nciuded in the definition are the asbestiform varictics
oft serpenting (chrysotlle); rizhbeckito (crocidoliic); granerite (grunedic
usbestos); anthopbyllite (andhophyillts asbestos); temolite (remofte
asbestos); zad actinality (actinolite asbestos). The amphibole mineral
cnmmdcmmdaﬁn:dmﬂngmnommdatmoiﬁmlmam—

tiooal Minerzlogicat Associaton (3).
Asbestos Chemicad Abseracs Sarvies N3

Chrysodie (2001-13-5
Crocidalice 12001384
Grunexite Asbatcy 12172-73-5
Anthophyilite Asbesios T733647-3
Tremaolite Asbesos 77535-65-%
77336664

Actinalite Asbextos
313 fisrif—a single fiker that cannat be separaied into

2 annnat Jouk of AST M4 Slandarar, Yoi 11,01,
I Awnual 3oak of ASTH Sandaras, Yol 11.43.
‘ﬁcWﬂamh&mmmﬁﬂlumudmmumm‘

af this et method,
4 in J.l..] fave

3 gy 2
™

' of ihe mineraly iadi
dfﬂ'ml Chentical Abstracy Sarviee (CAS) aumbders,

v
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smaller companents. withaut losing its fibrous properties or
aprearancs,

3.2 Descriptions af Terms Specific (0 This Standard-

321 aspect ralip—the ratio of the Icngm of a fibrous
particie (o its average width.
322 bundle—~a structure composed of three or more
fbers in a parailel arrangement with the fibers deser than
. one fiber diamder o each other, -
. 323 duszer—a structure with fibers in a mandom arange-
ment such that il fbers are intermixed and no sipgie fiber is’
isolated from the group; groupings of fibers musz have mare

than two points wuching.
324 deon:—mntcnals that arc of an amouut and size

(particles greater thaa | mm io diameter) that can be visuadly

identified as to thedr source.

325 dust—any material compesed of particles in a size
range of <| ora and large eaqugh (o scttde ay virtue of their
weight from the ambient air {sez definidon for settleable
pardculate maner in Test Methed D 1739).

326 fiher—a smucrure having 3 minimum length of 0.5
um, an aspect @uo of il or greater, and substantially

_parallel gdes (<)

" 327 fibrous—af a migeral composed of parallel, radi-
ating, or inteslacd aggregates of fibers, from which the fibers
are sometimes separable, That is, the crysialline aggregate
may be referred ta as fThrous even if it is not camposed of
separable fibers, but has that distinet appearancs. The wrm
fibrous is used in 2 general minemlogical way to describe
aggregates of grains that aystallize in a necdle ks habit and

appear o be composed of Bberx. Fibrous has 2 much more

" geaeral ‘meaning than astestos. While it is correct that all
asbestos minerals are fbrous, not all minerals havmg ﬁbrous

habits are asbestes,
3.2.3 indirect prevaration—a method (o which a sample

passess through one or more intermediate steps prior to fnal
filration,

32.9 matrix—a stwucturs in whick cae ar more fibers, ar-

fiber bundles that are touching, are attached to, or partially
coaczaled by a sngle partice or cannecr=d group of non-
ﬁ‘cmu:pama.fh:cxpascdﬁba—mun mwtthcﬁb::

definiton (see 3.2.6).
3210 strucrures—a term that is used w0 carcgonz; aill the

types of asbestas particles which are recorded during the
analysis (Such s iibers, bundles, custems, and martrcss).
Final resulls of the lest are always expressed: in asbestos

structires per square ceatimesre,

. Summary of Test Yethod

4.1 The sample is callected by vacuuming a known
surface area with 2 standard 25 or 37 mm air sampling
cassette using 3 plastic tube that is attached to the inlet
arifice which 1¢:s5 13 2 nozzic, The sample is uansierred fom
inside the casseete (o an aqueous solutign of knowa voiume.
Aliquots of the suspension ars then fltered through a
membrane. A secdon of the membrane is prepacsd and
transferred 10 3 TEM end using the direct transter methed.
The asbestiform structures are ideatified, sized, 1ad counted
by TEM, using SAED and SDXA at a magnificadon of
15 000 to 20 CC0X,

5. Signifcance and Use

5.1 This microvacuum sampling and indirect apaiysis
method is used for the general testing of acon-airborne dust
samples for asbestos, It i3 used 10 assis in the evaluation of

dust that may be found on surfaces in buildings such a5

cailing ules, shelvizg, electrical compooeuts, duct wark,
cupet, cic. Tiis test mcthod provides an index of the

concantration of asbestes structures in the dust per unit area

analyzed as derived from a quantitative TEM analysis,
5.1.1 This test method does not describe procadures or
techpiques required 1o evaluate the safety or habitability of
buildings with asbestos-containing materials, or comphasce
with federal, state, or local reguiations or statutes, It i3 the

wier's respansibility to maks these determinations.

5,132 At present, a single direct refatonship betwem
ashestas-conraining dust and patential human expesure does
not exist. Accordingfy, the user should consider these daty in

redationship to thcr available mxorznanon i their cvajua-

tmn. .
1 This test rn:xhcd uses the denmnon, sereable sartic.

ulatc aateral, found in Test Method D 1739 as the defini-
tion of dust. Thit dednition accepts all particles small
eaough to pass through a | mm (No. 18) scrzen. Thus, 2
smgic. large asbestas conmining partclels) (from the large
end of the particde size distribution) dispersed during sampie
preparation may resuit in anomalously large asbestos con-
centradon resuits in the TEM analyses of that sampke. [t s,
therefore, recommended that multiple mdependent samples

- are secured from the same arex, and 2 minimom of thres

samples analyzed by the entire procedure,

.6 Imterferences

6.0 The following minerals have properties (that is, chem-
icdd or oystalline structure) which are very similar to
asbestcs minerals and may mterfers with the analysis by
cusmg a false positive g be recorded’ during the test
Therefors, litsrature references: for these matecals must be
maintgiced in the laboratory for comparison to asbextis
mmmlsso:harxhcymnotmmdmﬁﬁcduastams

minerals.

§.1.1 Ancgorite,

§.12 Polygorskite (Atapuisite).

6.1.3 Hailoysite.

6.1.4 Pyraxemes.

6.15 Sepivlite

§.4.8 Vearmiculite scrolls.

8.1.7 Fibrous ralc.

6.1.8 Hocnplende and other amphiboles ather zhan these
listed in 3.2,

.3 Callecting any dust particles greater than | mm in size

i this test method may cause an interferencs and, therefore,

must be avoided.

7. Materials and Eqmpment
1.1 Purity of Reagens—Reagent grade chemucals shall o

used in aff teste Unless otherwise indicated, it is intenided

that al] reageats conform to the specifications of the Com-
mige= an Anafytieu Reagents of the American Cheoticu
SOCCZ‘/, where tuch s;:a:m:mons are 1vailable, Other Fadss

= used, provided it is Aoy ascertained that the Tagent
i3 ol' wx’ﬁc::ndy high purity o permit its use without
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lessening the accuracy of the determination.?
12 Trensmission Elecoron Microscope (TEM), an 80 1o

120 k¥ TEM, =pable of performing electron difftacdon,
with 2 fJuorescant scresn inscrbed with calibrated grada-

tions, i3 required. The TEM muszbeeqmppedwxmcnagy

V dxspdnvc X-ray spectroscopy (EDXA) and it must fave a

scanning transmission dectron microscopy (STEM) attach-

ment or he capable of producing a spat size of less than 250

am in diameter in qossover.
13 Energy Dispersive X-ray System (EDXA).
7.4 High Vacuum Carbon Evaporator, with rotating stage.
13 High Efficiency Particudate Air (HEPA), filtered nega-
tive flow hood.
1.6 Exhaust or Fume Hood. =
7.7 Pardclefree Water (AST M Typ: U, sc= Spcnf cation

D 1193)

1.3 Glass Beakers (50 mL).

79 Glass Sample Containers, with wide mouth screw cap
(200 mL) or quivalent scalable container (height of the glass
sampie container should be approximately {3 am high by 6
cm widz).

7.10 Waierproof Markers.

7.11 Farceps (tweezers).

7.12 Ultrasonic Bath, table tap model (100 W).

7.13 Graduated Pipettes (1, 5, 10 mlL sizes), glass or
plastic,

7.14 Filter Funnel, either 15 mm or 47 mm, glass or
dispesable. Filter funne! assemblies, cither glass or disposable

plastic, and using either 3 25 mm or 47 mm diameter filter,

7.15 Side Arm Filter Flask, 1000 mL.
. 716 Mixed Cellutose Ester (MCE) Membrane Fi zl!a-.r,

or 47 mm diameter, =<0.22 pm and 5 um pore size,
“1.17 Polycarbonate (PC) Fifters, 25 or 47 mm diameter,

=02 um pore size,
" 1.18 Stomge Containers, for the 25 or 4T mm filters (for

" archiving).

1.19 Glass Slides, approximately 76 by 25 mm in aize.

1.20 Scaipef Blades, No. 10, or equivaleat.

72] Cabinet-type Desiccator, or law wemperaturs drying
oven,

122 Chlorgform, reagent grade. 2=

723 Acrtone, reagent grade. -

124 Dimethylformamide (DMF).

1.25 Glacial Acstic Acid.

1.26 I-methyl-2-pyrrofidone.

1.27 Plasma Asher, low temperature.

. 128 pH Paper.
129 Air Sampfing Pump, low volume perscnal-type, -

pable of achicving a flow rate of | to 5 L/min.

1.30 Rotamnster.
131 Adir Sampling Cassertes, 25 mm or 37 mm, con-
taining 0.3 pm or smaller pore size MCE or PC filters,

7.32 Curk Borer, 7 mm.
1.33 Non-dsbestos Mineral, referenczs as cmi(me:i n 6.1.

~

* e Chammcnls, American Charmvenl Sudey Sp
Chemicy Saciety, Wxaingtan, DC, For sugtesions og (e exing of g 3ot
listed by the Amernican Chemical Socicty, see And/ar Standords or Lidarcaory
Chermicals, 3DM Lid,, Pocle, Darset, U.X.. 1nd the U'nited Slates Pharmacopea
und  Nauemad Furmdary, (7.5, am { Coa ine. (UUSPC),

7.34 Adsbestos Standards, as outlined in 3.1,

735 Tygon” Tubing, or equivalear.

736 Small Vacuum Pump, that can maintain a pressure
of 92 kPa. .

737 Pari Diskes, !mgc g,(as, appmxzmar:iy 9Q mm in
diameter.

- 7.38 Joffe Washer, stainless steel or aluminum mesh
scree:, mwwmah,andapproxxmatdyﬁmmbywmm

in size.
7.39 Capper TEM Finder Grids, 200 mesty.

7.40 Carbon Evaporator Reds.

7.41 Lens Tistue
7.42 Ashless Filter Paper Filters, 30 mm diameter,

7.43 Gummed Poper Reinforcemant Rings..

7.44 Wuash Boutles, plastic, .

7.45 Rengemt Alcohol, HPLC Grade (Fisher A995 or
equivalent). -

7.46 Opening Mesh Screem, plastic, 1.0 by 1.0 mm,
{Specra-Mesh #146410 or equivalent),

7.47 D.‘ﬁ'maian Grating Replica. i

3. Smgﬁng Procedure for Micovacanm Techoiqoe

3.1 For sampling ashestoscontaining dust in either indoer
or outdder eavironments, commercially available cassettes
must be used, Air moaitoring cassattes contzining 25 mm ar
37 mm dxzmcz:z' mixed cetlulose ester (MCE) or
polycartonate (PC) flter membranes with a pore size len
than or equal to 0.8 pm are required (731). The number of
samples cailected d:p:nds upon th: specific circumstances of

the study.
8.2 Maintair a log of aﬂ pertinent samp{mg information

and sammpling locations.

8.3 Sampling pumps.and flow mdxaum: shall be cali-
brated usngamﬁedsxanda:dappamnora:sembly(x:
Pracdes D 3195 and 7.29).

8.4 Record all calibration information (5).

8.5 Perform a leak check of the sampling system ntmch
sampliog site by acdvating the pump (7.29) with the closed
sampling cassette in line, Any air flow shows that a ek is
present that must be eliminated before initiating the sam-
pliog operation.

8.6' Attach the sampling cassette to the sampling pump at
the outlet side of the casserte with plasnc tubing (7.35). The
plastic tubing must ke long encugh in that the simple arsas
can be reached without intesfereuce fom the sampling

‘pump. Attach 2 dean, approximately 25.4 mm long piscs of

plastic tubing (6.35 mm imemnal diameter} directly ta the
inlet orifice. Use thiy piece of tubing as the sampling nozzie,
Cut the samplicg end of the wmbing at a 45 angle as
jllustrated in Fig. [. The exact design of the nazzie is not
critical as long as some vacuum break 3 provided to avaid
simply pushing the dust around on the surfacs with the

nozzie rather than vacuuming it imto the cassette. The

internal diameter of the gozzle and flow wmte of the pump
may vary s long as the air velodty is 100 (210) cm/s. Tis
air veloaty cilculation is based on an internal sampling tuoe
diamezer of 6.35 mm at a flow rate of 2 L/min.

8.7 Measurs and desermine the sarmpie area of interest. A

! Tyaon iy 3 registered undemark of tha Oufeat Ca.
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FIG. | Exzampia of the Tubing Nozzie

sample area of 100 cm? is vacuumed until there is a0 visible
dust or particulates martter remaining. Perform a minimum
of two orthogonal passes on the surfacs within a mix:u‘mum

of 2 min of sampling time. Aveid scraping or abr:amng the

surfacs being sampled. (Do nat sample any debris or dust
particies greater than | mm in diameter (se= 4.2).) Smaller or
larger areas can be sampled, if needed. For example, somc
surfices of fnterost may fave a smaller area than 100 cm?,
Less dusty surfaces may require vacuuming of larger aras
Unlike air samples, the avericading of the casseties with dust
will not be 2 probiem. As defined in 3.2.5, only dust shall b

collected for this analysis, .
8.8 At the end of sample caiflecdan, invert the cassetie 0

that the nozzie iniet facss up tefore shutting off the power (o
the pump. The nozzle is then sealed with a cassette end-plug
and the cassette/nozzic taped or approgriately packaged to
provent s:pamuon of the nozzle and cassette assembly. A
scoond option i3 the removal of the nozzie from the cassetz,
then plugging of the cassetts and shipment of the aazzle (aksa
plugged at both ends) sealed in a scparate closeabie plasge
bag. A third cpten is placing the nozzle inside the cassetie
. for shipment. The nozzie is always saved and nnsed because
- 2 significant peoresntage of the dust drawn Som a lighdy
loaded surfacs may adhere to the inside walls of the {ubing.

3.9 Check that alf samples are ddearly labeled, that ail dest,

" sampiing information shests are complicted, and that aH~-
pertinent information has be=a enclesad, in accordance with
laboratory quality control practicss, tefore transfer of the
samplies to the laboratory. Inciude an unused cassette and

nozzle a3 a field blank. ’
3.10- Wipe off the exterior surface of the cassetres with
dispasable wet towels (baby wipes) prcr o pa::.‘:ngmg for

shiproent.

9. Sample Shipwment

9.1 Ship dust samples to an analydcal laboratory io a
sealed container, but separate ffom any buik or air samples.
The cassenes must be tightly sealed and packed in 2 material
freg of fibers or dust ¢ minimiza the potential for contami-
nation. Plastic “bubble pack” iz protabiy the most appro-
priate matxial {Gr this purpese. .

18. Sample Pregaracion
10.1 Under a negaiive flow HEPA heod (7.5), carefully
wet-wipe the extericr of the casseires to remove any possidie

conmmination before mking cassettes into 1 cleap prepan-

.ton res.

102 Perform sampie ptf:cmlmn iz a clean facility that

has a separate work arez from both the bulk and air sample

[N

prIparation areas.
103 Inidal fpet::mc't prtpamunn shall take place in 2

ciean HEPA filtered gegative pressure hood o0 avoid any
possible contaminatica of the laboratory or personnel, or

both, by the potendally large aumber of asbestos soructures

< In an asbazo;—comainjng dust sample, Cleanliness af the
- preparadon area hoods 8 messursd by the cumuative

process blank concanmrations (sez Section 1)
10.4 All sample preparation staps 10.4.1 through 10.4.4
shall take piace in the dusc preparation ares inside a HEPA

'hood.

10.4.! Remove the upper plug fom the smple cassctte
and t::r:tuﬂy introducs approximately JO mL soiudon of 2
50/50 mixture of particke-{res water and reagent alcohol inta
the cissette wsing a plastc wash bowtle (7.44). If the plugged
pozzie was et atached 1o the cassetts, then rmmove the plug
and inuroducs e water/alcchal- solydon inw the cassete
through the tubing, and then remove the tubing, it &
yigibly clean.

10.4.2 Replace the upper plug or the sampic cap and

lightty shake the dust suspension by hand for 3 s
{0.4.3 Remove the cntre cap of the cassettz and pour the

axspén;xcn through 2 1.0 by 1.0 mm opening screen (7.46)
into a pre<cleaned 200 ml glass specimen bettle (7.9). All

* visible traces of the sample contained in the cassentz shail be

ninsed through the scte=n into the specimien bottle with a
plastic wash botue conmining the 50/50 solution of pardeie-
free water apd alcobol, Repeat this prcccdu.m twa additional
times for a toral of three washings. Next, rinse the nozzle two
gr thres times mrough the screen into the specimen botde
with the 50/50 mixture of water and’ tlconct, Typxcally, the
ol amount of the 30/50 mixture used In the dose is 50 o0
75 ml. Discard the 1.0 oy L0 mm screen and bring . the

" volume of solution in the specimen bottle up to the {00 mL

mark on the dde of the bottle with particie-free water only.

10.4.4 Adjust the pH of the suspension to'3 to 4 using 2
10.0 % saiution of acetic acid. Use pH paper for tosting.
Filter the suspension within 24 b 10 avoid problems asscci-
ated with bacterial and fungal growth.’

10.45 Use cither 2 dispesable plastic filtration amit or a
glasy ftering unit (7.14) for fitration of aliquots of the
suspension. The ability of an individual fitration umit (o
proeducs a uniform distnbution may be tested by the
filtration of 2 colored pardculare suspension such as diluted
India ink (suspenxion of carbon biack).

10.4.5.] If a dhposable plastic filtration unit is used, thea
unwrap a new disposabie plastc fiter finnel unit (either 25
or 47 mm diameter) and remove the tape around the base of
the funnei. Remove the funnel and discard the wp Sller
supplied with the apparatus, rining the coarse
potyprapyieae support pad in placs. Assembie the unit with
the adapter and a propesly sized neoprene stopper, aod
anach the funnel to the 1060 mL dde-arm vacuwm fAask
(7.15) Place 2 5.0 um gore gz MCE (backing Mter) on the
suppont pad. Wet i1 with 1 few mL of particle-free warer and
placs an MCE (7.18) or PC flter (0.22 um pore siz=) (7.17)
an top af the Sacking ter. Apply a2 vacuum (7.36), ensuring
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that the flters ars czntersd and pulled fat without air
bubbles. Any irregularities on the ftar surface requires the
discard of that filter. Afler the fliter has bezn seated properly,

replace the funnel and reseal it with the tape. Remuru the

flask to atmosphecic pressare. .
10.4.5.2 If a glaxs filtration unit is used, placza § wm pare

sze MCE (backing filter) on the glass [tit surface. Wet the
filter with particle-fres water, and place an MCE or PC filter

(=(L22 ym pore size) on top of the backing flter. Apply 2,

vacuum, ensuring that the filters are centered and puiled flat’
without air bubbles. Replacs the filters if any irregularities
are seen on the filter surface. Before filtration of cach set of
sample aliquats, prepare a biank filter by filtration of 50 mL
of particlediree watze, If aliquats of the same sample are
filtered i1 order of increasing concentradon, the glass filta-
tion unit nced not be washed betwesn fitration. After
completion of the filtration, do not aifow the fitration funnd
assembly 10 dry because contaminadon is then more difficuit

tq remove, Wash any residual suspeasion fom the Sitration

asxmubly by holding it under a flow of water, tben rub the
surface with a clean paper towel soaked in a detergent
solution. Repeat the cleaning operation, and then rinse two
times in particle-{es watar,

10.4.6 With the flask at atmospheric pressure, add 20 mL
of particie-free water into the funnel, Cover the filter fonned
with its plastic cover if the disposable filtzring unit is used,

10.4.7 Briefly hand shake (3 s) the capped bottle with the
sample suspension, then place it in a tabletop ultrasonic bath
(7.12) and sonicate [or 3.0 min, Maintain the water level in
the sonicator at the same height as the solution in sampie
botule, The ultrasonic bath shall be clibraed as desevibed in
20.5. The unitrasonic bath must be operated at equilibrium

temperanure. After sonicating, return the sample bottle to the |

work surface of the HEPA hood. Preparation steps 10.4.3
through 10.4.14 shall be carried our in. this hood.
10.4.3. Shake the suspension lightly by hand for 3 & then

let it rest for 2.0 mxntoaﬂcwla:gcpumdawsezﬂcmm:.

bottom of the botue or float to the surface, |

10.4.9 Estimate the amount of liquid o be withdrawa to
produce an adequate flter preparation, Experience bas
shown that a light staining of the flter smrface will yiddS
suitable preparation for analysis. Fiter at least 1.0 mi, but
no more than half the totaj volume, f 2fter examination in

the TEM, the smallest volume measured (1.0 mlL) (7.13)

yields an overfoaded sampie, then perform additional serial
dilutions of the suspension, If it is estimated that less than
1.0 mL of solurion has to be filtered because of the density of
the suspeosion, perform a serial dilution.

10.4.9.1 [If serial dilutions are required, repeat step 10.4.3
before the seral dilution portion is taken. Do not re-sanicate
the qriginal solution or any serial dilutions. The recom-
meanded procsdurs for 2 serial dilution is to mix !0 mL of the
sample solution with 20 mL of particle-lrez water in 2 dlean
sample bottle ta obtain a 1:10 serial dilution. Follow good
laboratary practices when performing dilutions,

10.4,10 Insert a new dispesable pipette halfway into the
sample suspension and withdraw a3 portian. Aveid pipetting
any of the large Qoating or settled par"'c es. Uncover the flter
funnel and dispense the mixture irom the pipets into thc
tumree in the funnel.

10.4.5! Apply vacuum (o the ﬂask and draw the mixiure

through the filter.

10.4.12 Discard the pigette,
10.4.13 Disasserhle the fltering unit and carzfuily re-

move the sample filter with fine wezers (7.11). P!ac.. the
completed sampic flter particle side up, inte a precieaned,
labeled, disposable, piastic petri dish (7.48) ar other simifar
contziner,

10.4.14 In order 10 ensure that an optimaily-Joaded fiter
is obiained, it is recommended thag Slters be prr:;:nmd fram
several different alxquou of the dust suspension. For this
series of filters, it i3 recommended that the volume of each
aliquot of the original suspension be a fctor of five higher
than the previous one, If the filters are prepared in order of
increasing, aliquot vofumoe, all of the filters for one sample
can be prepared tsing one plastic disposable fltration unit,
or without cleaning of glass Slimarion equipment between
individual fltration. Befors withdrawal of each aliquot from
the sample, shake the - snspcns:on without additional
sonification and aiflow to rest for 2 min.

10.4.15.Thae arc many practical mcthod: for drying
MCE filters. The following are twa examples that can be used:
(1) dry MCE flters for at least 12 h (over desiccant) in an
airtight cabinet<ype desiccator (7.21); (2) 1o sborten the
drying time (if desired), remove a plug of the damp filter and
attach it to A glass slide (7.19) as described in 12.1.2 and
{2.1.3. Place the slide with a fiter plug or filter plugs (up 1o
eght plugs an be attached (o one slide) on a2 bed of

" desiceznt, in the desiccator for | h.

{0.3.18 PC fiters do pot- require lengthy drymg before

preparation, but shail be placsd in a desiccator for at least 30 -
min before preparation. _

10.5 Pr:pam'l'EMmam:n:&nmsmaﬂmcﬁcuof&dx ‘
dried filter vsing the appropnzt: dm::z transfer preparaton

11. Blanks

111 Pmpamnmpl:blanbthatmdudebomapmc&
biank (50 mL of particle-fres water) for each set of samples
analyzed and ooe uoused Slter from cach new box of sample
(ilters (MCE or PC) used in the laboratory. i glass filtering
1nits are used, prepare and analyze a process blank each time
the filtering umit is cicaned. Blanks will be considered
contaminated, if after analysis, they are shown to conwmin

more thag 53 asbestos saructures per square miflimetre, This
generaily comresponds to thres or four ashestes structares

found in ten grid openings. The source of the contamination
must be found before any further amalysis can be performed.
Reject samples that were processed along with the contami-
nated bianks and prepare new smpla after the source of the

contamination is Bund.
1.2 Prepare field blanks witich are included with sampie

seis fn the same manner as the samples, to test for conami-
nation during the sampiing, shipping, handling, and prega-
radon steps of the method.

12. TEM Specimen Preparatian of Mixed Cellalose Ester

(VICE) Fllters
Nots V~=Uss of diher the 2cctone or the diamethylformamide-

@c 1cid method I8 accTptabie.
{20 Acetune Fusing Method:
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12.1.] Remave 2 secyon (3 plug) from any quadrant of
the ample and blank fiters, Sections @n be removed fom
the flters using 2 7 mm cock barer (7.32). The cork borer
must be wet wiped after each time 2 section is removed.

12.1.2 Place the fiter section (particle side up) on & clean
. microscope slide, Affix the filter section to the stide with a

gummed page reinforcament (7.43), or orher surtable means,
Label the dide with a glaxs sxibing tgol or permanent
marker (7.10).

12.1.3 Prepare a fusing dish fom a glasy petri disk (7.37)
and 1 metal screen bridge (7.38) with a pad of five to six
ashless paper flters (7.42) and piacz in the bottom of the
petri dish (4). Place the screen bridge on top of the pad and
saturate tha fiter pads with acetone. Place the slids on top of -
the bridge in the perri dish and cover the dish. Wair
‘approximately 5 min for the sample flier to fuse and clear, ~

122 Dimethylformamide-Acztic Acid Method:

1221 Place a drop of clearing solution that consists of
35 % dimethylformamide (DMF), 15 % glackl acetc acd,
and 50 % Type II water (v/v) on 3 clean microscope dide
Gauge the amount used so that the clearing solutioa just
saturates the Giter wcticn. )

§1222 Carefully lay the filter segment, sample surface
upward, on top of the soludon. Bring the lter and solution
together at an angle of about 20° t help exclude air bubbles, -
Remave any excoss clearing solution. ‘Place the slide in an
oven or oz a hot platz, in a fume heced, at 65 o 70°C for 10
min.
12.3 Plasma ciching of the collapsed flter is required.

123.! The microscepe slide to which the collapsed Glter
pleces are antached is placed in- 2 plasma asher (7.27).
. Because plasma ashes vary gready in their performancs,

both from ugit to unit and Setween different pesitions in the
asher chamber, it is difficuit lo spedfy the exact conditions
that muxt be used, Insufficient stching will cesult in a filure
10 expose embedded fibers, and 100 much ciching may resuit
in the loss of particles from the Alter surface. To determine
the optimum tlme for ashing, placs an unused 25 mm
diamesr MCE filter in the ceater of 2 glass microscope slide.
Position the slide approximately in the czater of the asHer
chamber, Close the chamber and ¢vacuate to 2 pressure of
appraximataty 40 Pa, while adrnitting oxygen to the chamber

not be used. Carbon rods (7.40) used for evapacators shail be

shnrqmcdwﬁbamrbonnodshzrpcxcrmamkohbnuu
mm o leagth and | mm in diameter. The rods are ipsmjled

in m:_evapnmor in such 2 mauner that the points are
approxmately 100 1 120 mm fom the surfacs of the

" micrascope dide beld in the rotating device.,

1242 Place the glass slide holding the fiters on the
rotztion device, and evafuate the evaporater chamber o a
vacuum of at least {3 MPa. Perform the evaporation in very
short bursts, scparated by 3 @ 4 5 1o allow the aectrodes o
ceol, An aiternate method of evaparation is by using a dow

cantinuous applied curent. An experienced amalyst can

judge the thickness of the carboa film to be appiied. Conduct -
tests on unused filters finst. If the carbon film is. oo thin,
large particies will be Jost from the TEM specimen, and there
will be few complete and undamaged grid openings on the

specimen.

12.42.1 If the coating is oo thick, it »ill lead o 2 TEM
image that it lacking in contrast, and the ability to obtain
dectron difffacdon prusrns will be compromized. The
carbon fiim shall be as thin 23 possible ard 54l remain intact

‘on most of the grid openings of the TEM specimen.

12.5 Preparation of the Jaffe Washer—The precise design
of the Jaffe washer is aot considered important, so any ane of
the published designs may be used (7, 8). One such washer
coasists of 1 smple arainless steef bridge cantained in a glass
petrs dish, :

{25.1 Placs several pieces of lens tisue (7.31) on the
stiniess steed bridge. The piecss of lens Gssue shall be large
enough to compictely drape over the bridge and into the
solvent. In a fume hood, fill the perd dish with acetone (or
DMF) unii] the beight of the saivent 5 brought up to contact
the underside of the mewl bridge as flustrated in Rg. 2. -

12,8 Placing the Specimens into the faffe Washer:

1261 Place the TEM grids (7.39) thiny side up on a piecs

- of leas tiwae or flter paper 5o that individual grids can be

casily pieked up with tweezers. .
12.5.2 Prepars three grids fom cach sample.

) .12.6_‘.’.1 Using a curved scaipel blade {7.20), excise at leasy .

wo square (3 mm by 3 mm) pieces of the carbon-coated

MCE fiter from the glass slide, 4
12.6.2.2 Place the squarc filter piecs carbon-side up on

at a ratz of 3 to 20 cm’/min. Adjust the waing of the SYSE ~—t5p of 2 TEM specimen gnd.

sa that the intensity of the plasma is maximized. Determine
the time required for complete oxidation of the f[ter. Adjust
the system parameiers to achieve complets oxidation of the
filter in 2 .period of approximately 1§ min. For ctching of
coilapsed filters, use thesc operating parameters for a period

. of § min. For additional information on calibration, see the
USEPS Asbestos-Containing Muateriols in Schuols (4) or
NIST/NVLAP Program Handbook for Airborne Ashesins
Anafysis (8).documents.

12.3.2 "Place the glass slide containing the collapsed fters
into the low-temperature plasma asher, and etch the filter.

12.4 Carbon coating af the collagsed and ciched filters is
required, )

{2.4.] Carbon coatng must be gerfarmed with a high-
vacuum coating unit {7.4), capable of less than 107 toer (13
MPa) presurs. Units that are based an evaporation of
arbou faments in a vacuum gencrated only by an ofl rotary
pump have not bezn evaluated for this appiication and shail

[

12.6.2.3 Place the whole assembly (Alter/grid) on the

saturated-lens tissue in the Jaffe washer,

Ehacilon microacape .
specimans $tainlaxa stani mesh

Glass patrt dish
bridgm (SQ mashi

{100 mm 15 mm!
\

Lansg
Tlasus

AG. 2 Ezampis of Design 3¢ Saivent 'Washer (Jadfe Hasher
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(2624 Placs the threz TEM grid sampie flter pregaca-
tions on te same piece of lens tssue in the Jafe washer.

12.6.2.5 Place the lid on the Jaife washer and ailow the
system to stand for several hours.

12,7 Alternately, placs the grids on a low leved (pcm dish
filled 1o the Y& mark) DMF Jaffe washer for 60 min. Add
encugh solution of equal parts DMF/acstone to fil the
washer to the screan level. Remave the grids after 30 min if

they have deared, that is, ajl filter material has bm mq)ovcd

from the carbon {ilm, as determined Dy inspection in the

TEM. _
12.3 Carcfully remove the grids from the Jaffe washer,

allawing the grids to dry before placing them in x dean
marked grid box. .
13. TEM Specimen Prepacation of Po.lyczzbonata (PC)

Filter
13.1 Caver the surfacs of a clezn microscope slide with

two strips of double-sided adhesive tape.

132" Cut a strip of filter paper sightly parmower than the |,

width of the slide. Position the filter paper saip aa the cneer

of the length of e slide.
133 Using a clean, curved scalpel blade, cut astn.p af the

PC filter approximately 23 by 6 mm. Use a rockdng maotion -

of the scalpel blade to avoid tearing the filtex, Place the PC
strip partidle side up on the stide perpendicular to the long
axis of the slide. The eads of the PC strip must contact the
double sided adhesive tape. Each slide can heid several FC
strips., Witk a glass marker, label eaxch PC suip with the

_ individual sample number,

13.4 Carbon coat the PC. filler strips as discussed in

" 12.4.2. PC fiters do not require ctching.

Narz 2 Caution—Da not qverhest the flter sections while crbon
conting, ]
{3.5 Preparc a Jaffe washer as descrbed in 12,5, but fil!
the washer with chicroform or I—mahyl-z-gyrmimne ta the

level of the screen.

13.6 Using a dean curved scalpel b!:zdc. excise three, -

3-mm square fiter pieces from each PC saip. Placs the fter
squares carbon sids up on the shiny side of' a TEM grid., Pick
up the grid and filter section together aud place them ox tbz.

lens tissue in the Jaffs washer, |
13.7 Place the lid on the Jaffe washer and rest the yxds in

place for at least 4 h. Best resuits are obtained with longer

wicking dmes, up ta 12 h.
13.8 Carcfilly remave the grids from the Jaffe washer,

allowing the grids to dry before placing them in 3 cean,
marked gid box,

14, Grid Opeuing Measurements
14.] TEM. grids must have 2 known grid opening arex.

_Detzrmine this area as follows:

142 Measure at least 20 grid openings in each of 20

‘random 75 to (00 um (200-mesh) copper grids for a total of

400 grid openings for every 1000 grids used, by placing the
20 grids on & glass slide and examining them under the
optical microscope. Use 3 calibrated gradeule (0 mesure the
average length and width of the 20 openiags from cach of lhe
individua) grids, Fram the accumulated dawa, calculate the

average zrid apeaing ar=a of the 400 apenings.
14.3 Grid ars2 measurements can alsg be made ag the

TEM at a calibrated screen magnificiticn of betwesn 15 (00
aad 20 0C0X. Typically measure one grid apening for each
gndmxmncd.Mmmmdopmngambommcxandy
direcdaons and calculate the area,

{4.4 Pre-calibrated TEM grids are also acosprable for this

test method.

15, TEM Methed . )

15.! Microscope settizgss 30 to 120 kY, (5000
20 000X screen magnification for analyxix (7.2), .

152 Analyze two grids for cach sample; Analyze ane-half
of the sample ares on one sample grid prepamtion and the
remaining half on a sccond sample grid preparadoa, -

15.3 Determination of Specimen Suitabifity:

153.1 Carzfully load the TEM grid, carbon side facing up

(in the TEM column) with the grid bars ericated parailel/

perpendicular (o the length of the specimen holder, Use a
hand leas or loupe, if necssary, This procedure will line up
the grid with the X and y tansiation directions of tie
microscope, Insent tm:smumcn bolder into the microacope.

153.2 Scan the entire grid at low wagnification (250X to
}000X) ta determine ity suitability- for high magnification

analyss as specified in 15.3.3.
15.3.3 Grids arc awcpmhl: for anajysis if the following

condjtions are met:
15.3.3.1' The fraction of grid openings covr:n:d by the

r::phascwon is at keast 50 B,
133,32 Relatve 10 that section afthcgndm:mdbytbc

carbonmphc:, the frecton of intact grid cp:mngmsgr:snr

" than 50 %.

15333 Thc&actxonal area of undissalved flter is less
than 10%, -

1533.4" The fraction of gndcpcnmgswuhovuiappmg or
folded replica film is less than 50 3.

15.3.3.5 At least 20 grid openings, that have no dveriap-
ping or [bided replica, are less than 5'% coversd with holes

and have less than § % opzqusmducmmnptcmlxer
dissoludon, -

13.4. Determination af Grid Opening Suitability:

15.4.1 If the gid mezts acceptance criteria, chodse a grid
opcmnsforanatysis&omvamwmmofmegﬁsomaxwe
eadre grid is represenced, Determine the suitability of each
individual grid opeaing prior to the amalygx

15.42 The individual gnd opening must have less than

5 % holes aver its areq.
15.4.3 Grid openings must be lesy than 235 % covered with

particulate mageer.
15,44 Grid openings must be uniformly loaded.
15.3 Observe and record the orientation of the grid at 80
o [50X, on a grid map record sheet along with the {ocation
of the grid openings that ars sxamined for the analysa If
indexed grids are used, a grid map is not required, but the
identifying coordinates of the grid sqoare must be recarded.

16. Recordiog Dacx Rudex

161 Record on the count sheet any continuous grouping
of partices in which an asbestos Sber is detecied. Clasuisy
asbestes structures is fibers, bundles, clusters, or matricss as
defined fa 5.2

162 Use the criteria for fber, buadle, cluster, ind matrix
ideadfication, asdescribed in the USEP 1. isbestos-Containing
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Materials in Schools docament (4). Recard, for cach AHERA 17, Samipie Storsge
structure (deatified, the length and width measurements 17.] The washed-out ﬁmplc Qssees can be discardad
afler use,

16,3 Record NSD (NO Structures Detected) when no

structres are detected in the grid cpening
16,4 Idendfy suructures classified as carysotie identified

by dther dectron diffcaction or X-ay analysis (7.3) and

recarded o8 2 count shest, Yerify at least ooe qut of every tea

chrysatle structures by X-ray ma]yns.

16.5 Structures classified a3 2mphicoles by X-rxy aoalysis

and clectron difffaction are recorded on the count sheet. For
more information on identification, ses Yamats, et aL (7 or
Chatfield and Dillon (3).

16.6 Record a typical 2lectron difraciion pattern Larcmh
type of asbestos obscrved for each group of samples (or a.
minimum of every five samples} apalyzed. Record the
micrograph numbers on the count shest, Record at least ane
X-ray spectrum for.cach type of asbesins observed per
sample. Attach the print-outs w the back of the count shect,

" If the X2y spectrum s stared, record the file and disk

number on the count shest.

16.7 Counting Rufes:
16.7.1 At a screen magniflication of tecwezn 15 000-and

20 000X cvaluate the grids for the most concsntrated ample
loading: reject the sample if it is estimatad to cantain more
than 50 asbostos structures per grid opening. Procsed to the
next lower concentrated sample undl a’set of grids are

" gbtained that have less than 30 askestos suuctures per grid
Cp<UDE.

16.8 Anafytical Sensitivity—An analytical seasitivity of
approximately {000 asbestes structurss per square coati-
memes (caiculated for the detecdon of z dngle asbestos
saucture) has been designed for this analysis. This sensitivity
can be achicved by increasing the amount of liquid filtered,
increasing the number of grid openings amalyzed, or de-
creasing the size of the fnal Slter. Oczasionaily, due to high.

* partde foadings or high ashestos conceatragon, this analyt-

ical snsitivity cannot be practically achieved and stoppmg A

rules apply.
18.9 Limit of De.'ec.xan——-Thc limit of detection for this

method & defined as, at a minimum, the counting of four
asbestos structures during the TEM analysis, If fess than focr
astestoy structures are counted during the analysis then the”
analygcd] result which will be reperted will be less than the
limit of detecton and a “less than” sign (<) will appear
before the mumber. All data shall 5e provided in the labo-

ratary report.
16,10 Stopping, Rudes:
16.10.1 The analysis is stopped upon the compledon of

the grid square that achicves an analytical sensitivity of Jess
than J000Q askestas structures ger squace ceatimers.

16.102 If an anajytical sexsitivity of 10CQ asbestos struc-
fures per square csniimetre cannot be achieved after ana-
lyzing & grid openings then siap on grid opening Na. 10-ar
the grid opening which contains the 100th asbestos structures,
whichever comes first. A minimum of four grid squares shall
be analyzed for cach sample.

16,1021 If the anaiysis is steppe:
structure ruie, the endre grid square containing the (C0th
structure must be counted,

18.1] ARer analysis, rameve the grids from the TEM, and
replacs them in the appropriate grid storage hoider.

4 tecause of the [0Cth

172 Sampic grzds and unused filter secticns (7.18) must
be stared for 3 minimum of cae year.

18. Repordng

18.1 Raport the folowing information for cach dust
sample anajyzed: ]

14.1.1. Concentration i structures/craZ

18.1.2 The analydcal seastdvity.

18.£.3 Types of asbestos present. i

18.1.4 Number af asbestos structures counted.

18.1.5 Eficctive Slation arca. -

18.1.6 Avernge size of the TEM grid opemings that were
counted. :

18.1.7 Number ot'gnd openings examined,

18.1.8 Sample dilution used. .

18.1.% Arca of the surface sampled.

13.1.10- Listing of stz= data for esed structurs counted,

13.1.11°A copy of the T’Euconntsﬁ:zoracompk.a
lisdng of thcawda:.:.Anmmplc of a typical coun! shest is

shown in Appendix X1.

18.2 Determine the amaunt of asbestos in any acespted:

sample using the foilowing farmmla:
EFA % 100 mL X.43STR .
= ashestos structures/em? t
GO x GO4A X ¥V x SPL o = h

where:
ASTR = number of asbestes stuctures counted,

EFd =cﬂ‘ccnvcﬁ}t=amcf:ncﬁnalszmpﬁngﬁltcrmm
GO =numbcrc(gndop=nmgscounmd,
GOA = average grid opening area, mm?,

SPL  =-surfacs arzs smampled, co®, and
4 = vojume of wmple flteredsin sep 10.4.9, repre-

seofing the actual voiume taken fom the orgial

{00 mL suspension, ml. .
19. Quality Controi/Quality Assurance -

{9. Ivlngnnml,chzlabmrysquzmycanu'olc..ccbm
uxdtavmﬁlthax;sysmm:spwonmngac:ardmgm

' specificadons regarding accuracy and cx:nmlcm:'/ o an

anafytici laboratary, spiked or known quantitztve sampies
are normally used. However, due to the difficufties in
preparing xnown quantitagve asbesios samples, routine
qualily conwrol testing focuses on reanalysis of sampies
(dupliczts recounts),

19.1.] Re-apalyze samples at a rate of Yo of the samplz
sets {ane out of cvery len samples analyzed sot nciuding
latoratory blanks). The re-analysis shall corsist of 2 second
sample preparation obtined fom the fnal flter,

19.2 In addition, quaiity assurance programs must follow
the critenia shown in the USEPA Azbestos-Containing Mete
rals in Schools- decument (4) angd in the NIST/NVLAFR
Program Handbook for Airboms Adsbestas Anmalysis docu-
ment (6). These documents descibe sampie cusiody, samypie
preparztion, hiaak checiss for comaminadon, calibration,
sampie analysis, analyst qualifications, and techmical facdi-

ties,
20. Caiibradons
20.1 Perform culibradons of the insoumentation sa a
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regular basis, and retain these records in the laboratery, in
accordancs with the labaratory’s quality assurance program.

202 Record calibrations in a log book 2long w.nh datesof

=calibration and the attached backup dccumentation.

203 A calibration list far the insrument is as follows:

203.1 TEM: .

20.3.1.1 Check the alignment and the sysiems opcmuon.
Refer o the TEM manufacturer’s cperational manual for
detailed instructions,

20.3.1.2 Calibrate the camera length of the TEM in clec-
. tron diffraction (ED) operating mode before ED pattarns of
unkoowo sampls ars observed, Camesa leagth can be mea-
sured by wiing a carbon coated prid on which a thin §lm of
. gold has been sputtered or evaporated. A thin film of gald iz
evaporated oa the specimen TEM: grid to obtain zonc-axiz
ED paticrus superimposed with 4 ring patizrn from the poly-
aystallioe gold film. In practics, it is desirable to gptimize
the thickness of the gold fiJm so thar only one or two sharp
rings are gbtained an the supedmpesed ED pantern. Thick
goid films wil] tead to mask weak difftaction spots fram the
fibrous pa.ruc.s. Sincs the unknown d-spacings of most
interest in asbestox analysis are those which lie closest to the
transmitted beam, multiple gold dngs from thick films are
wunnecessary. Alternatively, a gold standard specimen can be
used to obtain an average camera constant calculated for that
particular instrument and can then be used for ED patterns
of unknowns taken during the comspondmg period.

20.3.1.3 Perform magnification calibration at the fluores.
cent sareen. This calibration must be performoed at the
magnification used for structure counting. Calibration is
pe:ﬁ:mcd with a gmating replica (7.47) (for cxzmplc, one
contaiping at least 2160 lmc:/mm)

(@) Define 2 ficld of view on the flucrescenc screen. The
field of view must be measurable or previously inserited with
a scale Or concentric dreles (all scales should be metric)

(b) Frequency of calibration will depend oa the s:mc:

_ histary of the particular microscope.
(c) Check the calibration after any mainrenancs of the.

microscope that involves adjustment of the power supply 10
the lens or the high voltage system or the mechamical

disassembly of the electron optical columm (apart ﬁ'om

filament sxchange). -
{d) The analyst must casure that the grating n:pb.m is

plac:d 3t the same distancs Gom the cbjective lens as the

specimen,

(e) For instruments that incorporate a2 cucsntric tiltiog
specimen stage, all specimens and the grating replica must be
placed az the euczatric position.

20.3.1.4 The smallest spot size of the TEM amust be
checked.

{@) At the crossover point, photograph the spot size at a
screen magmf' ication of 15060 to 200602 An exposure

time of | s is usnafly adcqunt;
(&) The measured spat size must bc less than ar equal o
’ 250 nm.
20.4 EDX4:
20.4.1 The resalution and calivraton of the EDXA must

be verified. -

20.4.1.1 Collest a standard EDXA Cu peak from the Cu

erid.
B m=eemy o uersus  cHannel

number for the Cu peak and be cxrmin that readings are

within =[0 sV,
20.4.2 Collect 2 sandard EDXA of crocidolite asbestos

{NIST SRM 1366},
20421 The elemental analysis. of the cmcdohtc must

resolve the Na peak,

20.4.3 Collect a standard EDXA of chrysatile asbmm.

0.4.3.1 The demental analysis of carysotde must rescive
both Si and Mg ont a single chrysotile fiber,

20.5 Ultrasonic bath calibration sinll be- pafuzmad as
follows:

205.1 Ftnmcbathwatcrwa!cvdequalmmchngmof
suspension in the glass sample container that will be used for
the dust analysis, Operate the bath undl the waEr xmdm the

equilibrium lemperature. -~
20.5.2 Place 100 mL of water (at appmxxman:!y 20°C) in

’ another 200-mL glass sample cantainer, and record its

emperatre,
20.5.3 Placs the smample mmamer in thc water in the

" vitrasonic bath (with the power wumed off). After 60 ¢,

remave the glass container and record its eomperatuce.
20.5.4 Place 100 ml. of water (at approximately 20°C) in
another 200-mL glass sample container, and record its

temperature,
205.5 Place the second sample container into the water in

the ultrasonic bath (with the power turned on). After 60 s,

remave the glasy container and record its temperature,
2035.6 Calculate the rate of energy deposition inta the

sample contamer using the (ollowing formuia: )

8-45185x‘1x,x(4,’—:—"—) @

where: )

4,185 = Joules/cal, . ,

R = egergy deposition, wattyfal,

A =mmxur-ns=vnmmcufumomcbmﬁnozapw

" ating, 'C,
-zgpmmnswnbthctﬂ:monmba:bopmng.
4 = time in seconds, 50 3 (2053 aond 20.5.5),

T = specific bext of the liquid m the glass sample
coutainer, 1.0 cal/g, and :
-dmtyufmchqmdmm:g!mnmplcmmncr‘
.0 yem?.
20.5.7 Adjust the aperating couditions of the bath sa that'
the rate of energy depesition is in the range of 0.08 10 0.12

MW/m?, as defined by this preeadure.

.- Precizmion and Bias
Zl 1 ﬁmwﬁcpmunoﬁhcpmmdmmdmtu
method is being determined using mund robin data ffom
partcipating laboratories. :
21.2 Bigs—Since there is oo acrepted mferzccs marenal
suitable for determining tre bias of the procadure in this test
method, bias has nat been determioed (ses Specification

D 3670).
Norz 3—Rcund robin daiz i3 under development 1ad will be
presearcd s a research report

22,1 asbests; microvacuuming settled dust; TEM

4y
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APPENDIX

(Noamandatory Informadoa) _
. X1. DUST SAMPLE ANALYSIS |
_ XLI Sec Figs. Xl.I" and X1.2 for the dust apaiysis  workshest and the TEM count sheet.

+ DUST SAMPLE ANALYSIS

Accelerating Voltage:
Indlcatad Mag:

Sampta I0:
Job Number: ‘ Scraent Mag:
1 2

Data Samgls Analyzed: - . Microscoge:

Number of Openings/Grics Countad: [
Yes No © Filter Sizs: .

% Filter Pore Stze {umj:

Grid Sax #1: Giid Cpening: 1 um
3 g x - m

clent - '

-

Filter Type:

Grid Aczaptad, 600X;
Percant Loading:

Raviewer; Caunting Rules: AHEFA

" Caiculation Data:

Effectivs Filtar Arsa In mm* : (EFA)
' (Goy - |

(GOA)

Number of Grid Openings Counted:
Avderage Grid Opening Area in mm™
Yelume of sample Filtersd in mi: M

~ Surface area Sampled in ecm® A8PL)
Numter of Asbestos Structuras Counted:”  (#STR)

* i the number of asbestes structuras counted I3 less than or equal 1o 4, antar 4 strucres as tha limit of datection here.

FORMULA FOR CALCULATION OF ASBEST QS STRUCTURES "DUST* PER CM™

EFAX X 100 X #STR . (Ashestos Siructuras per cm?)

GO X GCA X VX SPL

Resuits lor Total Asbestios Struciures:

(Swuctwres per cm-)

Results for Structuras > micrens:

(Stucures ger cm=)
FIG, X1.1 DOust Seampile Analysia ‘Work 3heet

Analyst: ' o
LEVEL N ' . '
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Jeb Number:

Stuciurs | Gnd # . { Length Wlfith Confirmation |

- # Sauare £ | Type Structurs. Micrens | Microns [Morph.| SAED | EDS
=7
Note: Keys to Abbraviations Used in Figure: .
Type: Structure: Others:

c = Chrysaila F = Fier NSO = N@ Stucturss Detected

AM = Amosita B = Bundia Marph = Morphalogy

CAR = Crocidclite C = Cluster SAED = Selscted Ama Elsctron Diffraction

AC = Actinolite M = Matix EDs = Enargy Dlspersive X-Fay SpecTescapy
TR = Trameiite 33 = Inter-Aow Spacing

AN = Anthophylfite NP = NoPattsm

N = Non Ashestos '

AG. X1.2 TEM Count Sheet
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